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ABSTRACT of t h e s is
. The re a r ra n g e m e n t o f  t r a n a - p i n o n le  a c id  i n t o  
h o m o te rp e n y l m e th y l k e to n e  h a s  b e en  s tu d ie d  In  o r d e r  t o  
e l u c i d a t e  i t s  m echanism * R e l a t i v e l y  s t ro n g "  a e i d - c a t a l y s i s
i s  n e c e s s a r y  f o r  th e  r e a r ra n g e m e n t t o  o c c u r ,  and t h e '  r a t e
o f  r e a c t i o n  d ep en d s upon  t h e  s t r e n g t h  o f  ■ t h e ; a c i d i c  ' ■
s o lv e n t  em ployed* In  m o n o c h lo ro a c e t ic  a c id  a t  1 0 0 ° , th e
re a r ra n g e m e n t i s  o f . t h e  f i r s t  o r d e r  w i th  r e g a r d  t o  p in o n ie
a c id *  F o rm a tio n  o f  h o m o to rp e n y l m e th y l k e to n e  i s " ‘
accom pan ied  by  i s o m e r i s a t i o n  o f  t r a n s ~ p in o n ic  a c id  i n t o
e ls -* p in o n ie  a c i d ,  w h ic h 'a l s o  r e a r r a n g e s ,  t o  t h e  k e to la c to n e *
*
An i n t r a m o l e c u l a r  m echanism  i s  p ro p o se d  f o r  t h e  re a rra n g e m e n t*
An a t te m p t  h a s  b e e n  made t o  d e te rm in e  t h e  m echanism  
o f  th e  c o n v e r s io n  o f  p in o n ic  a c id  and h o m o te rp e n y l m e th y l 
k e to n e  i n t o  2 i4 - d im e th y lp h e n y la c e t i c  a c id  by  t h e  a c t i o n  o f  
b rom ine*  -W ith p in o n ic  a c i d ,  t h e  i n i t i a l  r e a c t i o n  r e s u l t s  
in  t h e  fo rm a t io n  o f  06-b ro ra o -p in o n ic  a c i d ,  w h ic h -h a s  b e e n  
I s o l a t e d  and c h a r a c t e r i s e d *  I t  i s  b e l i e v e d  t h a t  u n d e r  
c o n d i t i o n s  o f  s t r o n g  a c i d - c a t a l y s i s  t h i s  r e a d i l y - r e a r r a n g e s  
too£-b rom o-hom ot© rp© nyl m e th y l k e to n e , ,  w h ich  i s  p ro b a b ly  
a l s o  fo rm ed by  t h e  a c t i o n  o f  b ro m in e  u p o n  h o m o te rp e n y l
m e th y l ke tone* . The s u b s e q u e n t  e y e l l s a t l o n  o f  t h e  
:b ro m o ^ k e te la c to n e  y i e l d s „ 2 t4 ~ d lm e th y lp h e p y la e e t ie  a c id  # 
•M echan ism s' o f  b ro m in & tio n a n d  o f  c y c l i c a l  io n  are- d is c u s s e d *
■ f i n o n i c  a c id  I s  r a p i d l y  c o n v e r te d  i n t o  
h o m o te rp e n y l m e th y l k e to n e  when h e a te d  w i th  p h o s p h o r ic  ■' 
a c id  a t  100°* F u r t h e r  h e a t i n g  c a u s e s  d e c o m p o s i t io n ,  
w ith ' lo s  s  o f  c a rb o n  d io x id  a * . ■ - 214 -£ im e th y l  p h e n y la c e t i c  
a e id  I s  found  among t h e  - p r o d u c t s ,  w h ich  r e p r e s e n t  th e  
r e s u l t  o f  a  com plex , p r o c e s s - o f  h y d ro g en  t r a n s f e r  a s s o c i a t e d  
w i th  d e h y d r a t io n  and d e c a r b o x y la t i o n ,  ; l ? 2 f 4 - T r im e th y l  
bensen© ,.  1  % 2 14**-1 r im e t  h y l  c y c lo h e x e n e ,:: and t  he  1 a c t  one o f  
' 2 -h y d ro x v  2 s 4 - d im e th y l  cy  c 1 oha x y I a c e t i c  a c id  h a v e  a l s o  
-b een  - i d e n t i f i e d  a s . p ro d u c ts  o f  - th e  r e a c t io n * ^ /: :  A s tu d y  o f  
the- r e a c t i o n s  o f  t h e . p ro d u c ts ' and o f  compoitnds - s i m i l a r  t o  
th o s e  l i k e l y  " to  be  p r e s e n t  i n  th e  r e a c t  lo n * m lx tu r e f -h as 
a f f o r d e d - e v id e n c e  r e l a t i n g  t o  t h e  p ro b a b le  m echanism  o f  
th e  r e a c t io n *
The w ork d e s c r ib e d  i n  t h i s  T h e s is  h a s  b e e n  
c a r r i e d  o u t  in  t h e  C h em ica l R e se a rc h  l a b o r a t o r i e s  o f  
B a t t e r s e a  P o ly te c h n ic ,  u n d e r  t h e  d i r e c t i o n  o f  ■
Dr* F * . E* B o s s , ,  The a u th o r  w is h e s  t o .r e c o r d  h i s  
a p p r e c i a t i o n  o f  th e  g u id a n c e  and e n co u rag e m en t g iv e n  
by  Dr* C* L* Arc u s ,  and . t o  th a n k  Dr*' B oss f o r  h i s  
i n t e r e s t - i n  t h i s  work*- :
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.B o m o te rp en y l M eth y l ,K etone ■
 ^ Sine© B a e y e r  (B en* , :1S96, 2 9 , 3 2 6 ) 'show ed t h a t  h i s  
^ o c -p in o n ic  a c id ” w as is o m e r is e d . t o  h o m o te rp e n y l m e th y l k e to n e  
by . h e a t i n g  a t  1 0 0 °  w i t h  50$  aq u eo u s s u l p h u r i c  a c i d ,  t h e r e  h a s  
b een  n o 'a t t e m p t  t o  i n v e s t i g a t e  t h e  m echanism  o f  t h e  r e a c t i o n ,  
and no  s a t i s f a c t o r y  e x p la n a t io n  o f  i t s  c o u r s e ,h a s  b e e n  p u t 
f o r w a r d , ' th o u g h  i t  h a s  o f t e n  b e en  em ployed f o r  p r e p a r a t i o n  
o f  t h e  k e t o l a e t o n © |-
P r e v io u s ly  t o  B aeyer* s  w o rk , W a lla c h  had  I s o l a t e d  
t h e  same k e to l a e t o n e  from  t h e  d e g r a d a t io n  p r o d u c ts  o f  
o C - te rp in e o l ,  and deduced  t h e  c o r r e c t  s t r u c t u r a l  fo rm u la  f o r  
I t  (B e r* , 1 8 9 5 , 2 8 , 1 7 7 5 ) , ' T h is  fo rm u la  w as c o n firm e d  a lm o s t
a t  once  by  T i ©maun' and Sem m ler ( ib id #  1 7 7 8 ) , who o b ta in e d  t h e  - 
same compound b y  .th e ;  o x id a t io n  o f  p in e n e *  ; .The above a u th o r s  
c h a r a c t e r i s e d  h o m o te rp en y l-  m e th y l k e to n e  b y  e le m e n ta ry  a n a l y s i s  
. o f  t h e  k e to l a e t o n e  ' and o f . i t s ;o x im e , ,b y  d e te r m in a t io n  o f. i t s  
e q u iv a l  e n t  b y  t i t  r a t  1 o n , ■ and b y  i t s  r do g ra d  a t  io n  t o '  homot e r -  
p e n y l ic  and t e r p e n y l i c  - a c i d s , .
W a lla c h , T iem ann and S e m m le r,. and' B a e y e r  w ere  a l l  
d e a l in g  w ith , o p t i c a l l y  i n a c t i v e  .h o m o te rp en y l: m e th y l k e to n e ,  
w h ich , was l a t e r ,  s y n th e s i s e d  b y /1 ,  Owen and 3* h* -S im onson  
(1 * , . 1 9 3 2 , 1 4 2 4 ). b y  . a  r o u t  e - w h ic h  c o n fIrsn e # ' i t s  s t r u c t u r a l  
fo rm u la *
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Tli© o p t i e a l l y - a c t i v ©  i s o m e r s 'o f  hom oterp en yl
m e th y l k e t o n e 'w e r e - f ir s t  p re p a re d  b y  B a r b ie r  and Grign&rd 
( B u l l . S o c * Ghim* de F ra n c e , 1910* 7 , 5 48 ) b y  a p p ly in g  th e  
m ethod ■ o f  ' B a ey e r t o  th e  (+)-* and ; {-).-* p in o n ic  a c id s  w h ic h  
t h e y  h a d ■o b ta in e d  i n . t h e  c r y s t a l l i n e  s t a t e #  lo r©  r e c e n t ly *  
D ele  p in e  and Badoehe (Comptes Bendus* 1952* 2 3 5 » 1455} h a r e  
p re p a re d  (*)~Iiom ot@ rp©nyl m e th y l k e to n e  b y  t h e  same m ethod* 
th e - p r o d u c t  h a v in g  p r o p e r t i e s  i n  a g reem en t w i t h  t h o s e  
p r e v io u s ly  re c o rd e d #  ■ W ith o u t c i t i n g  e x p e r im e n ta l 'e v id e n c e *
t h e s e  au th o rs p ro p o se d  th e  f o l lo w in g  schem e f o r  t h e  
r e a r ra n g e m e n ts *  -
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J ,  L , Sim onsen and L, H . Owen ("The Terpenes"^  
U n iv e r s ity  P re3S , Cam bridge, 1 9 4 9 , V o l. I I ,  p . 1 47 ) and 
L e-V an-Thoi {Ann. C hita., 1955 , 1 0 . 3 5 )  have a l s o  proposed  
t h i s  scheme in  an expanded for® , no e v id e n c e  h e in g  o f f e r e d
HG COOH C' COOH IB' OH COOH HgC OH COOH HgC O-CO 
l \ -  CII2 ( V c H g  -9 *  .d ig  1 ^ / ° %
C C C C G
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(4 )  ( 6 )  (7 )  (5 )  (3 )
re a r ra n g e m e n t o f  p in o n ic  a e id  i n t o  h o m o te rp e n y l 
m e th y l 'k e to n e  i n  m ed ia  o t h e r  t h a n  aq u eo u s s u l p h u r i c  a c id  h a s  ■ 
n o t  h i t  h a r t  o b een  s tu d ie d #
P in o n ic ;A e id -
; E a r ly  a c c o u n ts ' o f  t h e  o x id a t io n  o f  p in e n e  o f t e n  
a p p e a re d  t o  b e  c o n t r a d i c t o r y  b e c a u s e 'o f  ' t h e  v a r i e t y  o f  m ethods 
u s e d ,  a n d 't h e  ■n0n ^ h a E O g e n e ity ^ o f.;t h e '  p ire n © , . t h e  h y d ro c a rb o n  ■ 
u se d  - w as a  m ix tu re  .o f  (*)«* and t**)~o6~pinenes i n  u n s p e c i f i e d  ■ 
r a t i o s ,  ': and a l s o c o n t a i n e d  unknown p r o p o r t io n s  o f  ^ - p in e n e  
and o th e r - h y d ro c a r b o n s # ' C o n s e q u e n tly , - p in o n ic  -ac id  w as : 
o b ta in e d  I r r  s o l i d . a n d  - I n : l i q u i d  f o r m s , - a n d ' c o n s id e r a b le  ' 
d iv e rg e n c e  w as shown i n  t h e  r e c o r d e d " p h y s ic a l '-  p ro p e r t ie s * .  ■
■ P in o n ic  a c id  e x h i b i t s  g e o m e t r i c a l ■iso m e rism  and 
e a c h  is o m e r  i s  - a sy m m etric
C t r a n s -  'I I CMa2
CO,CHg ■ H : CO.CHg
. (8 )  (9 )
f h e ; {*)**, {^)«*, and ($)•*■:.fo rm s  o f  i t w s ^ p i n o n i o  
a e id  a r e  c r y s t a l l i n e  s o l i d s  w h ic h  h a v e  b e e n  f u l l y  c h a r a c t e r i s e d *  
O nly th e  '(*>}«*■ fo rm  o f  e l s * p in o n ic  a c id  h a s  b e e n "o b ta in e d  .i n  
t h e  p u re  s t a t e , ' a n d  t h i s  l a  a  l i q u i d  ■ t D e le p in e  a ra -B a d o c h e ,
A nn, C M ® ,, 1 9 5 0 , S , 1 5 3 -1 6 3 ) .  ( + ) -  and ( ± ) - c i s - P i n o n i c
a c id s  a r e  a l s o  l i q u i d s ,  b u t  h a v e  n o t  b e e n  o b ta in e d  i n  a  h ig h  
s t a t e  o f  p u r i ty *  ■
fh ro u g h o u t  t h e  p r e s e n t  w o rk , t h e  t r a r s - c o n f i g u r a t i o n  
has. b e e n  a d o p te d  f o r  th e  s o l i d ,  s e r i e s  o f  p in o n ic  -ac id s  ' . ; ' 
( * K #  i* )~ *  and  {£■)«* ♦- - f id s  i s  t h e  same a s .  t h a t  a d o p te d  
by  Sim onson and Owen (*$he  t e r p e n e s * ) ,  b u t - o p p o s i t e  t o  t h a t  
assum ed by  b e l e p i n e ■ Cl o c » e l t * ) : and o t h e r s # ; ■ $ o  'e s s e n t i a l  
a l t e r a t i o n  t o  th e  m echanism s w h ic h  h a v e  b e e n  d ed u ced  {below ) • 
becom es n e c e s s a r y  I f  t h e s e  a u t h o r s 1 c o n f i g n r a t i o n s  -.a re  ad o p te d *  
E v id e n c e  r e l a t i n g  to- t h e  g e o m e tr i c a l  c o n f i g u r a t i o n  
i s  sum m arised  below * I n  a l l  d e g r a d a t io n s  r e f e r r e d  t o ,  t h e
CMe„
1000 *0%
■ pinonic a e id  us©<3 was t h e  s o l i d  i s o m e r - ( a c t l i r e  o r  i n a c t i v e )  '•* 
h e re ' c a l l e d  H p a n e -*11» ■ B a ey e r show ed t h a t ' 'p i n o n i c 'a e i d  c o u ld  ■ 
•be d e g r a d e d 'a t e  p r i s e  t o  h o r p i n i c  a c id  (Bar*. * 1896»' 29 > 3 ,  1 9 0 9 ) , 
t h e ; c i s - c o n f i g u r a t i o n  ; o f  w h ic h  w as l a t e r  d e m o n s t r a te d ' b y  ■
: f e r k i n  ana  E im o n seh ’^ * # '  1909f: - 1 1 ? 8 ) # ' - '■-'a:.'.
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■ '/h a te r w ork h a s  shown th a t ' c h a n g e s .' o f . c o n f i g u r a t i o n  
may; o c c u r  a t ; s e v e r a l  p o i n t s  i n  t h i s ; schem e {Suha, G a n a p a th i ,  
an d ,B u b rsm & n ia r, H er#, 1 9 3 6 , - 70,  1 5 0 5 J ' a n d  G randperrin , 
A nr* /’0 h l® * , 1 9 3 6 , 6 , ' 5 ) # : ‘ t n  p a r t i c u l a r , '  G ra n d p e r r in  showed 
t h a t - t h e  a c t i v e  { ^ J ^ p in ic - a c id 'O b ta in e d ,  i n  t h e  f i r s t  s t a g e  . 
o f  t h e  d e g r a d a t io n ,  may h a v e 't h e  t r a n s - c o n f i g u r a t i o n ,  s i n c e  
h e  f a i l e d  t o  b r in g  a b o u t c y e l i s a t i o n  b y  a  v a r i e t y  o f  m ethods#  
4  change  o f  c o n f i g u r a t i o n •at" t h i s  s tag©  I s  p o s s i b l e ,  b e c a u s e  
a  s t r o n g l y  a l k a l i n e  r e a g e n t  w as u sed #  . I t  h a s  b e en  shown b y  
D e le p in e  (B u ll* , Boo * O him «.de f ra n c © , 1 9 3 6 , 3 ,  1369) t h a t  i n  
an a l k a l i n e  s o l u t i o n ,  b o th  e i s -  and t r a n s - p in o n ic  a c id s  a r e  
c o n v e r te d  i n t o  a m ix tu re  o f  b o th  form s (v i a  t h e  e n o l }*
C y e l i s a t i o n  o f  t h e  am ine d e r iv e d  fro m  t h e  oxim e 
o f  p in o n ic  a c id  h a s  b e en  c la im e d  b y  G a l la a  and Mont m b s  
(A nal*  f l s #  1930,"" 1 1 9 6 ),;.
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' I t  w as n o t  found  p o s s i b l e  h o w e v er, t o  c h a r a c t e r i s e  
t h e  a m in o ' pinocamphohe and I t  i s  n o t  u n l ik e l y ' t h a t  .'changes o f
c o n f ig u r a t io n  o ccu r  d u r in g  t h e  c o u rs e  o f  t h e s e  r e a c t i o n s #  - 
■ • f h e  s y n t h e s i s  o f  ( ± 5 - p in o n ic  a c i d ' f r o m  d i e t h y l  
t r a m *  p in  a t  6 fey Bao ( 1 .  I n d ia n  Chem*: @0C«# 1 943 , 2 0 , 97 ) 
gave a  m ix tu r e  o f  c i s *  and t r a n s * ! s o m e r s ,  a s . m igh t fee, 
e x p e c te d  from  t h e  u s e  o f  : a l k a l i n e  h y d r o l y s i s  in .  t h e  f i n a l  
s ta g e #  The sem icarb aaon e o f  t h e  p ro d u c t  w as com pared w i th ' 
t h e  s e a ie a r b a s o n e  p re p a re d  fro m  a  m ix tu r e  o f  c i s *  and < 
t r a n s * p in o n ic  a c id s  w h ic h  w as o b ta in e d  fey t r e a t i n g  s o l i d  
( t r a n s * ) p in o n ic  a c id  w i t h  a l l c a l l#
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The C on version  o f  P in o n ic  A cid I n t o  - :v . ■,
2 t1 -M m e th T lp h e n y la e e t ic  A eid
■The: fo rm a tio n  o f  2 i4 ^ d !m 0 th y Ip h O B y !a o e tio  a e id  b y  
th e ,  a c t i o n  of. brom ine u pon  p in o n ic  a c id *  w a s '-f ir s t ,,o b s e r v e d  
by-B 'arb ier  -and O r ig r  a rd  {C ompt ea  Benchis, 1 9 09 , 148 3 8 4 6 ) who 
u sed  th e  fo l lo w in g  p r o c e d u r a l - . ; -  /
.. ' ( ± ? - 1 r a n  b ~ P in  on i  c - a c id  ( l  mol • ) ,  b ro m in e  (1 mol #) ,
and w a te r  {19 m ol#}. w e r e .h e a te d  t© g e tb a r  a t  10 0 °  f o r  14 hr*, 
in . an e n a m e lle d  a u to c la v e # .-  .-th e  ■ product ■ was n e u t r a l i s e d  .
(Ka2 C (Xz.}$ and f r a c t i o n a l l y  p r e c i p i t a t e d ,  w i th  h y d r o c h lo r i c  
a c id *  £ * 4 -M m eth y lp h en y l& ee tie  a c i d  w as i d e n t i f i e d  b y  I t s  
m*p#, e le m e n ta ry  a n a l y s i s ,  and su p *  o f  - th e  am ide*
T h is 'm e th o d  w as i n v e s t i g a t e d  and im proved  b y  H arisp e  
(Ann* ■ 'Chim#y 1 9 56 , : [x i] # £ ,  240} who em ployed t h e  f o l lo w in g  
t e c h n i q u e * - - ■ ■
■ P in o n ic  a c id  (1  m o le # , 184 g*}, b ro m in e  {1 m o le* ,
160 g#} and  h y d r o c h lo r ic  a c id  {544 g » , d 1 .1 9 )  w ere  sh a k e n  
t o g e t h e r ,  w i th  c o o l i n g ,  u n t i l  t h e  i n i t i a l  r e a c t i o n  s u b s id e d *
The c l e a r  "a m b e r-c o lo u re d  s o lu t io n  was .then , decom posed by- 
h ea t lo g  i n  a  b o i l in g -  w a te r -b a th  f o r  3 h r*  C rude 
2 s 4 - d im e th y lp h e n y la c e t ic  a c id  s e p a r a t e d  a s  a  s o l i d  c r u s t j - 
t h e . pur© a c id  w as i s o l a t e d  b y  e s t e r ! f i e a t i o n ,  fo l lo w e d  by
d i s t i l l a t i o n ,  and h y d r o l y s i s  o f  th e . e s t e r *  'A n  o v e r a l l  y i e l d  
o f . 69# o f  th e  t h e o r e t i c a l  {based  on p in o n ic  a c i d )  w as o b ta in e d *
. By a d d in g  t o  i c e  th e . s o l u t i o n  o b ta in e d  a f t e r  t h e  
I n i t i a l  r e a c t  io n , i H aris pe o b ta in e d , a n -u n id e n t  i f  l e d  and ' '  
u n c h a r a c t e r i s e d  o i l y  su b stan ce,.' c o n ta in in g  brom ine in ' ’q u a n t ity  ■ 
a p p ro x im a tin g  to . .th a t  r e q u i r e d  f o r  t h e  h y p o t h e t i c a l  
m onobrom o-p inon ic  a e i d * . , -  S i m i la r  r e s u l t s  w ere  o b ta in e d  by  
t h e  a c t i o n  o f  b rom ine; upon  h o m o te rp e n y l m e th y l k e to n e *
W ith o u t f u r t h e r  ■ ev id en ce#  H a r is  pe p ro p o se d  t h e ;  
f o l lo w in g  r e a c t i o n  s c h e m e t-
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,;A s im ila r 'm e c h a n is m  was p ro p o se d  f o r  t h e  fo r m a t io n  
o f  2 * 4 » d im e th y lp h 8 n y la e e t ic -acid ' (3 0 ) fro m  hom oterp en yl m e th y l 
k e to n e , { 2 7 )  b e in g  t h e 1 I n i t i a l  p ro d u c t  o f  b ro m in a t io n  *
The. ITtoaphorie/Acid*»Catalyged D e co m p o sitio n  o f  f i n  on i e  A cid*
; t e e n  'p in o c le  ' a c id  i s : h e a ted  w i t h  s y ru p y  p h o sp h o r!e  
a c id *  hom oterpenyl m e th y l, k e to n e  i s  f i r s t  fo rm ed } ’ i t  
decom poses on fa r th e r /h e a t in g ^ , w ith  l o s s  o f  " carh on .d iox id e*  
T h is  d e c o m p o sitio n  h a s  n o t  h i t h e r t o  b e e n  r e p o r t e d ,  and w as 
f o u n d - t o  occu r  i n  th e  c o u r se  o f  a n ' in v e s t ig a t io n  i n t o  t h e  
p o s s i b i l i t y  o f  form ing c a r h o c y c lic  com pounds r e l a t e d  t o  
3 * 4 * d im e th y lp h e n y la e e t ic  a e i d *. . b y  rem o v a l o f  t h e  e le m e n ts  
o f  w a te r  from  hom oterpenyl m e th y l k e to n e  • -
Discussion
p . 15 . The M echanism  o f  t h e  B e a rran g e m en t o f  P in o c le
A cid i n t o  Horooterpenyl M ethy l l e t  one*
p* 25 .o The .C o n v e r s io n -o f-P in o n ic 'A c id  i n t o
214 -D im eth y l p h e n y l a c e t i c  A cid  by t h e  A c tio n  - 
o f  .Bromine and H y d ro c h lo r ic  A c id . ,
P* 38  The P hosp horic  A cid  * C a ta ly s e d  D e co m p o s itio n
o f  P in o n ic  Acid} t h e •P rod u cts and M echanism  
o f  th e  R e a c tio n *
The Mechanism o f  t h e  R ea rran g e m en t  o f  '
P lno B ie  Acid i n t o  H om oterpeny l M ethyl K e to n e
B e fo re  t h e  k i n e t i c  m ea su re m e n ts  d e sc r ib e d  below  
w ere  c a r r i e d  out*  t h e  rearrangem ent o f  p i n o n ic  a c id  i n t o  
h o m o te rp e n y l  m e th y l  k e to n e  was s t u d i e d  i n  s o l v e n t s  o t h e r  
t h a n  60% a q u e o u s .s u l p h u r i c  a c id *  t h e  o n ly  s o l v e n t  h i t h e r t o  
u se d  f o r  t h i s  r e a r r a n g e m e n t*  The p e r c e n t a g e  o f  c o n v e r s io n  
i n t o  t h e  k e to l a c t o n © ,  a f t e r  t h e  s t a t e d  t i m e s ,  was d e te rm in e d  
w ith  a  v a r ie ty .-o f .-a c id  s o l v e n t s  a t  1 0 0 ° ,  t h e  r e s u l t s  b e in g  
c o l l e c t e d  i n  T ab le  X* . ••• The k e t o l a c t o n e  .was s e p a r a t e d  f roar .. 
r e s i d u a l  p in o n ic  a c id  by  e x t r a c t i o n  o f  th e -  l a t t e r  w ith  
d i l u t e  ammonia* 'W hich ' d o es  n o t  a f f e c t  - t h e ' k e t o l a c t o n e .
■ I t  i s  ' a p p a re n t '  ■ f r o m .T a b le  I  t h a t  r e  a r r a n g e m e n t ; " 
i s  r a p i d  i n  t h e  s t r o n g l y  a c i d i c  m e d i a , ' p h o s p h o r i c ,  ' ' 
t r i c h l o r o a c e t i c * - a n d '9 9 $  f o r m ic  a c i d s , ' - w h i l e ' a c e t i c " a d d - 
i s  w i t h o u t  e f f e c t ,  and m o n o c h lo ro a c e t- lc  and 9 0^  f o r m ic  
a c i d s  o ccu p y  i n t e r m e d i a t e  p o s i t i o n s * "  -
The r e a c t i o n  p ro c e e d s  s m o o th ly  w i t h o u t  f o r m a t io n  
o f  b y p r o d u c t s }  p ro lo n g e d  h e a t i n g  i n  p h osp h or ic  a c i d  c a u s e s  
d e c o m p o s i t io n  o f  t h e  p ro d u c t*  T h is  i s  d i s c u s s e d  e ls e w h e r e  
(p* 36)*. In  t h e  p r e s e n c e  o f  0*1 m o l e c u l a r  p r o p o r t i o n  o f  th e
-16*
c o r r e s p o n d in g  s o d i im  s a l t , ,  t h e  y i e l d / o f  k e t o l a c i o n e  i n
m o n o G h lo ro a c e t ic /a n d  fo rm ic  a c i d s  w a s 'g r e a t l y  re d u c e d  
(e x p e r im e n ts .-.9, and 10^. t o  be'; compared .w ith 'e x p e r im e n ts  2 and 
5 o f  T a b le  I ) *  - T h is  e f f e c t  i s . /b e l ie v e d  t o  be  due  t o  t h e
d e p r e s s i o n  o f  h yd rogen*ion  c o n c e n t r a t i o n  b ro u g h t  a b o u t  by  
t h e  p re s e n c e  o f  t h e  s a l t s , '  w h ic h  s u p p ly  a-much I n c r e a s e d  
’ c o n c e n t r a t i o n  o f  t h e  common an io n *
K i n e t i c  M easurem ents
' 'M on och loroaoetio  a c i d  was s e l e c t e d  f o r  t h e  s o l v e n t  
t o  b e / u s e d : i n  k i n e t i c  m e a s u re m e n ts ,  a s  t h e  r e a c t i o n  p ro c e e d e d  
a t  a  f a v o u r a b l e  r a t e  i n  t h i s  a c id *  . 'F u r th e rm o re  i t s  v a p o u r  
p r e s s u r e  a t  1 0 0 ° i s  n o t - t o o  g r e a t ,  "and t h e  s o l u t i o n  re m a in s  
q u i t e  c l e a r ,  w i t h o u t  much d i s c o l o u r a t i o n  d u r i n g  t h e  r e a c t i o n *  
The r a t e  o f  r e a r r a n g e m e n t  a t  100° i n . t h i s  s o l v e n t  was 
d e te rm in e d  b y  i s o l a t i o n  o f  t h e  k e to l a c to n ©  a f t e r  t h e  r e c o r d e d  
i n t e r v a l s  ( f a b l e -  X I )* . By p l o t t i n g '  t h e  l o g a r i t h m  o f  t h e
r e c i p r o c a l  o f  t h e  c o n c e n t r a t i o n  o f  p i n o n ic  a c id  r e m a in in g ,  
a g a i n s t  t i m e ,  a s t r a i g h t  l i n e  was o b t a in e d  (k^ « 9 .9 x 1 0  h r .  
( F i g .  1 ) .  ; As i t  was n e c e s s a r y  t o  p r e p a r e  th e  s o l u t i o n s  a t  
a  t e m p e r a t u r e  ( 8 0 ° )  above t h e  m,p* o f  m o n o eh io p o a eetic  a c id  
( 8 2 ° ) ,  ■ so m e ' r e a r r a n g e m e n t  had  a l r e a d y  t a k e n  p l a c e  when t h e
F lo .  1
i r 1 0 1•V'0-xJ T )r\t D et^ vm in aK on  op F i r s t  — Orde.r
i n t t i c s  Fo’r  fcWe. F o r m a t i o n ,  
t c r p e n y l  I ^ t k k ^ l  K « . t  o 'a f c  
(See Table H  )
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s o l u t i o n s  w e r e • im m ersed ' l a  s te m s  -a t  a e r o  ' t im e *  ■" ' f h e  s t u d y  ':;: 
o f  t'he-- k i n e t i c s  o f  t h i s  r e a r r a n g e m e n t  , by. i s o l a t i o n . ;.o f ; t h e  • 
p r o d u c t  was t h e  m ethod em ployed a f t e r  i t / h a d  ; b e e n  fou nd  t h a t  
a  p o l& r f m e t r i e  method was not,, p r a c t i c a b l e  */, .When' t h e  ■::■'=' 
r o t a t o r y  power o f ’s o l u t i o n s -  o f  ( ♦ i - t .p a n g - p ln 'o n lc ' a c id  i n  - 
m o n o .eh lo ro ac e t io  a c id ,  a t  100°; was o b s e r v e d ,  it-, was found t h a t  
t h e  r o t a t i o n  d ro p p ed  q u i t e  r a p i d l y  and sm o o th ly  u n t i l  a' 
su b s  t  a n t i  a l l y  c o n s t a n t . v a lu e  w as "• re a c h e d  a f t e r  a b o u t  3 h o u r s  
( F ig s  * 2 ,  3 ) . .  : 1 s o l a t i o n ' o f  t h e  p r o d u c t  r e v e a l e d  t h a t  o n l y  
p a r t i a l  r e a r r a n g e m e n t . t o , . . . t h e .k e t o l a e to n e  had  o c c u r r e d ,  w h i l e  
t h e  p in o n ic  a c id  w h ic h  was r e c o v e r e d  c o n s i s t e d ,  o f  & m ix t u r e  
o f  t h e  (+)*»tp3..ns- and ( - ) - c l s -  fo rm a ,  w h ic h ,  ■ a f t e r ,  c o n v e r s i o n  
i n t o  t h e i r  ©ximea* w e re  s e p a r a t e d # ,  . t h e  ■ ( i ) r . a o i d  reco vered "  
from  . th e  k i n e t i c  .e x p e r im e n ts  a l s o  c o n ta in e d  t h e  . c i s - i s o m e r ,  
w h ich  was i s o l a t e d  a s  I t s  oxime* -
f h e  s p e c i f i c  r o t a t i o n s  {£, 5 i n  c h lo r o f o r m ) ,  o f  . th e '  
' 's p e c im e n s  o f  o p t i c  a l l y - a c t i v e  p i n o n i c  a c i d ' r e c o v e r e d  fro m  • 
" 'the  k i n e t i c  e x p e r im e n t s  w e re  d e te rm in e d *  V a lu e s  o f  s p e c i f i c  
• r o t a t i o n  f o r  ( * ) - t r a n s - p ln o n io  a c i d  and { - ) - c i s - p i n o n i c ' a c i d  
’ a re 'k n o w n ,  ■ " ( + ) - t r a n s - F i n o i i i c  a c id  h a s  
'{ p r e s e n t  o b s e r v a t i o n ) !  D e le p in e  and  Badoche (Ann, Chim** ■
■ 195 0 , 5 ,  153) r e c o r d  + 9 5 ° ,  ( - ) c i s - F l n o n . l c  a c id
. - 1 8 -
has" C° )^ 5895 * ^ * ' ^ °  { D e le p in e  and B ado ehe , loo * c i t y ) , 8 ' By 
th e '  u se '  o f  t h e s e '  v a l u e s ,  t h e  p r o p o r t  i o n s  o f  .(»)- t r a i t s -  and 
( * ) « c l a *  a c i d s  i n  t h e  r e c o v e r e d  sp e c im e n s  w ere  d e te rm in e d *
The ■ •c o n c e n tra t io n s  o f  t o t a l ,  { » ) - t r a n s - V and ( - ) - c i s -  p in o n ic  
a c i d s  were' p l o t t e d '  a g a i n s t  t im e  .{Fig* 4)*' ,
The; Mechanism o f  th e' Be a rra n g em e n t*  and o f  t r a n s - e l s
■ fp— jj—irjx '-- r tif --»ii'i> w in — i fnrir a i>iriM»iin » wmn*fc»w>iriw^ji—<Mrwi*iim«ww^i*imaunnnw m i« i* iwc i/» i  nnn m‘ iii.miMiMtiiiww MiiTTini*#ii*ii»ii'iirn»i ' i i i'wiiiii*iiiiii ;r<-<fr n wriii iti ~ •-m rrim ir i utirrmnm im \— “t
l a o m e r f s a t l o n
;• The m echanism  o f  t h e  c o n v e r s io n  o f  t p a r a - p in o n ic  - 
a c i d  I n t o  t h e  e i s - iso m er  i s .  p rob ab ly  i d e n t i c a l  w i t h  t h a t  
w h ic h  h a s  -b een • deduced.;f o r  t h e  a c i d - c a t a l y s e d  r a c e a i s a t i o n  
o f  k e to n e s  w i t h  t h e  s t r u c t u r e  OHEH1 ,8 0 * ! ff {£• &* I n g o l d ,
11 S tr u c tu r e  and Mechanism, in  O rg a n ic  Chem ist r y %  0* B e l l  and 
S o n s ,  B id * ,.  L o n d o n , '1 9 5 3 ,  p .  669)* . .
tasHnoBtnnnaBinnniiuwinrtiM
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■ '■■•■ E x p e r im e n ta l  e v id e n c e  ■ h a s ? shown t h a t  r a t e s  o f  v -
r a c e a i s a t i o n ,  h r o m i n a t i o n , : and i o d i n a t i o n  a r e  i d e n t i c a l  f o r  
a g iv e n  k e to n e  u n d e r ' f i x e d  c o n d i t i o n s  ' o f  a d i d - c a t a l y s i s *  ■ 
and a re  s o l e l y  d e p e n d e n t  upon  t h e  r a t e  ■'■of f o r m a t i o n 'o f  t h e  
e n o l  (3 3 )  ( B a r t l e t t  and S t a u f f e r *  • # • Amor*. Ohera# S o c , t  1935 , 
5 7 , 25S0s ■ Xngold and W ilson* ! ’*, 1 9 3 4 , 773)* ' , When t h e  
above  m echanism  i s  a p p l i e d  t o  t r a n a -  and e l s -  p i n o n ic  a c i d s
{£, B }$ t h e  i n v e r s i o n  o f  e o n f i g i t r a t i o n  a t  O ^ j  r e s u l t s  , l n \  ^ 
g e o m e t r i c a l  i s o m e p is a i io n  { p in o n ic  a c id  i s  r e g a rd e d  &$ 
5 - a c e ty l* & $ 3 -d im e th y l  e y o lo b o t y l  a e e t le *  a c id  h  ;-
Oil
GOCH,
: (9)- . ... ■ ; ' - (B) :
■ E x p e r im e n ts  t a r r i e d  =o u t .w 1 th  1 0 $ ' s o l u t i o n s •o f  
t r a n s ~ p i n o n i c  • m i d  i n  m o n o e h lo r o a c e t i c  ' a c i d  a t  1 0 0 °  showed-., 
t h a t  d u r in g  t h e  f i r s t  1*9. h o u r s  *, e i£ » p i n o n i o  a  o ld  a c c u m u la te s  
i n  t h e  s o l u t i o n s  more r a p i d l y  t h a n  d o e s  h o rn e te rp e n y l  m ethyl, 
k e to n e *  t a n g e n t s  t o  c u r v e s  1 and 4 a t  t h e  o r i g i n  {Fig* 4 )  
show t h a t  t h e  r a t  e -o  on s t a r t  f o r  t h e  t r a n s - a c i d  —5* e l s *  a c id  
change  i s .  a p p r o x i m a t e ly  t w i c e  t h a t  f o r  t h e  t r a n s - a c l d  —>*
Scot ©lactone rearrangement*
tF i y k
T k e  R e a r r  o/n^€n\en t and I s o w t r l s a t l o n  
of P inonic  ^cld  In M onochlovoaccfc Ic &ci  d
at 100° ( S«e TU>I« n )
Homoktrpen^l M tkkyl  K t t o n t  
T o t a l  P inon'i  c &cld
1
£
T r a n s  - P i n o n i i  A c c d  ^  
O s  —PLnoni.c & c ld  V
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■ F i g ,  (5 )  shows the. m ost p ro b a b le  meehasislsra o f  t h e  
r e a r r a n g e m e n t  o f ,p i n o n ic  a c id  t o  h o m o te rp e n y l  m e th y l  k e to n e  
(Kg . . ' .s ig n if ic a n c e  i s  ..t o b e '  a t t a c h e d  t o : t h e  g e o m e t r i c a l  
c o n f i g u r a t i o n s  . g i v e n ' t o  t h e  e t h y 3.e n ic  g ro u p s  o f  t h e  e n o l l e  
fo rm s }* -. He a r ra n g e m e n t  o f  p ro io n a to d .  t r a n s *  • o r  e l s *  p i n o n ic  
a c i d  r e s u l t s  i n  f i s s i o n  o f  t h e  ey e 1obu t a n  a 1* r 1m * w i t h  a i m t l  
t a n e o u s  f o r m a t io n  o f  t h e  l a e t o n s ^ r l n g *  k  s t u d y  o f  t h e  
m o le c u l a r  m o d e ls  shows t h a t  t h e  c a r b o n y l  g ro u p  i n .  t h e  
p r o i o r a t e d  a c i d s  i s  s u i t a b l y  s i t u a t e d  . to  e n t e r / I n t o  a  / ;  
r e p la c e m e n t  r e a c t i o n  a t  C ; ■ ( 5 7 ) . r e p r e s e n t s  t h e  s t e r l c  
r e l a t i o n s h i p s  and t h e  t a u t o m e r i c  e le c tro n * m o v e rn e n ts  w h ic h  
l e a d  t o  re a r ra n g e m e n t* -
fh o  r a t e  o f  f o r m a t io n  o f  h o m o te rp e n y l  m e th y l  
k e to n e  h a s  b e e n  f o u n d ' t o  be ' p r o p o r t i o n a l  t o  t h e  sum o f  : 
t h e  c o n c e n t r a t i o n s  o f  e l s * - and t r a n s * p in o n ic  a c id s *  . 
K i n e t i c  a l l y ,  t h e  r e a r r a n g e m e n t  I s  o f  ;th@ f i r s t  'o rd e r*  .and - 
h e n c e  t h e  p r o to n  a t  ed a c i d s  (5 8 ) and (3 9 ) a r e  k i n e t i c  a l l y  ■ 
i n d i s t i n g u i s h a b l e  t k ^  and I t *  •n o t  d i f f e r i n g  a p p r e c i a b l y ) *
OH, m ,
CM.
CH
■ y ^  (3?) ..
t h r e e  a p p a r e n t l y  p o s s i b l e  m e c h a n is m s b r i e f l y  d e s c r i b e d  
b elo w , ■ have been -con sid ered ! and  r e j e c t e d .
( i )  I f  t h e  s o l e  p r e c u r s o r  t o  h o m o te rp e n y l  m e th y l  k e to n e  
w e re  t h e  t r a n s - * a c id  (o r  i t s  p r o t o r a t e d  f o r m ) ,  t h e n  t h e  r a t e  
o f  f o r m a t i o n  o f  t h e  k e to l& c to n e  would d i m i n i s h  r a p i d l y  a t  
f i r s t ,  r e f l e c t i n g  t h e  r a p i d  r e d u c t i o n  o f  tr& n s-a c ld  
c o n c e n t r a t i o n  w h ic h  r e s u l t s  f ro m  i t s  p a r t i a l  c o n v e r s i o n  i n t o  
t h e  c i s - i s o m e r *  f i r s t - o r d e r  k i n e t i c s  w ould  n o t  a p p ly  i f  ■ 
t h e  i s o m e r  had no p a r t  i n  t h e  r e a r r a n g e m e n t*
( i i )  I f  t h e  s o l e  p r e c u r s o r  t o  h o m o te rp e n y l  m e th y l  k e to n e  
w ere  t h e  c i s ^ a c i d  ( o r  i t s  p r o t o n a t e d  f o r m ) ,  t h e  r a t e  o f  . 
f o r m a t io n  o f  t h e  k e to la c to n ©  w ould  i n c r e a s e  at' f i r s t  t o  a  
maximum c o r r e s p o n d i n g  w ith  t h e  maximum o b se rv e d  i n  t h e
c o n c e n t r a t i o n  o f . c i s - a o l d * ■ ~ T h e : r a t e  w ould  - t h e n  d i m i n i s h ,  
l * e f : th e  k e t o l a c t o n e ^ c o n c e n t r a t i o n / t i m e  e n v t e '  w ould  haire : 
a -s lg m o id  ' form# ■ ;T h ls i s n o t  so*
{ i l l )  A t e n a b l e  m echanism  i s  t h a t  p o s t u l a t i n g  t h e  e n o l  (6 )  
a s  t h e  s o l  © ' .p re c u rs o r  t o  t h e  k@tola.eton©* / :■.
**24'
f h i s  i s  ^ c o n s id e re d  t o '  'be l e s s  p r o b a b l e  t h a n - t h e  
m echanism  a d o p te d   ^a b o v e ,  b e c a u s e  i t : i n v o l v e s  t h e  t a k i n g : u p  
o f  a  p r o to n  ; a t , a  . p o in t  • (C ^  j ) '  f ro m  w h ich  a".p r o t  on h a s  
Im m e d ia te ly  b e f o r e  b e e n  r e l e a s e d  t o  fo rm  t h e  e n o l  (6 )*
: ■ H ie  so  . r e s u l t s  may be  sum m arised  i n  t h e  f o l l o w i n g  
f o m u -  -b
. 'h .c u  d o n v e r s lo n  o f  p in o n ic  a c i d  in t o  h om oterp en yl 
m e th y l  k e to n e  r e q u i r e s  r e l a t i v e l y  s t r o n g  a e i d - c a i a l y s i a # ' ■ 
.the r e a r r a n g e m e n t  o f  ( i ) -  and ■ o f  (* )  - 1 ran  s - p i n o n l c a c i d  i n  -. 
m o n o c h lo r o a e e tic  a c i d  a t  100°  i s  k i n e t i c a l l y  o f  t h e . f i r s t v  
o r d e r  w it h ; r e g a r d ;t o  p in o n ic  a c id *  ■■"."A p a r t i a l  c o n v e r s i o n  - 
in t o  c is * p in o n ic - a c id  o c c u r s  i n  t h e  a c i d i c ' s o l u t i o n ,  b u t  
t h i s  - i s o m e r  a l s o  r e a r r a n g e s  t o  - h o m o te rp e n y l  m e th y l  k e to n e  
a t ' a p p r o x i m a t e l y  t h e  sam e r a t e  a s  t h e . t r a n s - a c id  j - .
The C o w e r  s i  on o f  P inon ic  ■ Ac id  ' i n t  o
’ : 2 H - B im e th y ln h e n y la c e i lC '- A c id  b y . ' th e  A c t io n '  o f  
: T Bromine and H y d r o c h lo r i c  Ac id  :. ;
■ ■ As d e s c r i b e d  i n  t h e  e x p e r i m e n t a l  s e c t i o n ,  /
2 s .4 -d im e ih y X p h en y l& o e iic  a c i d  has- b e e n  p r e p a r e d  ■ f r o m ■ p in o n ic  
a c i d  b y  t h e  p r o c e d u r e  o f  H a r i s p e ,  a  y i e l d  o f  5 0 #  b e in g  
o b ta in e d #  ■ I n . a  s e p a r a t e  ■ e x p e r im e n t , . .H a r lsp e* 's  m ethod o f  
i s o l a t i n g  t h e  a c i d / f r o m  t h e  .c rude  p r o d u c t /  ( b y  e s t e r i f l o a t  io n  
e t c * ) was - r e p la c e d ,  b y  e x t r a c t i o n  w i t h 1 d i l u t e  ’ ammonia fo l lo w e d  
b y . s u b l i m a t i o n  u n d e r  r e d u c e d  p r e s s u r e  . o f  t h e  m a t e r i a l  o b t a in e d  
on - a c i d i f i c a t i o n  o f  t h e  .a lk a l in e -  e x t r a c t #  T h i s  gave  a  y i e l d  
o f  66# o f  t h e  a c id *  I t  - I s  a p p a r e n t  f ro m  th ls j,  t h a t  t h e  end 
p ro d u c t  o f . t h e  r e a c t i o n  I s  2 1 4 - d im e th y lp h e n y la c e 1 1© .a c i d ,  , 
w h ic h  can  be  r e a d i l y  e x t r a c t e d  w i t h  d i lu t e - a m m o n ia ,  and n o t  
some 'o t h e r  com pound/ ( s u c h  a s  ( 2 8 ) * . t h e  l a c t o n e  o f  2 -h y d ro x y  
2 t 4 - d i m e th y l  c v c lo - h e x - 3 a 5 - d le & y l  a c e t i c  a c i d )  w h ic h  m ig h t  
be  c o n v e r t e d  i n t o  (41)#  t h e  m e t h y l . e s t e r  of,./
2 * 4 -a im @ th y lp h e n y la c e t ic  a c id  u n d e r  t h e . c o n d i t i o n s , o f  e s t e r -  
i f i c a t i o n  by  t h e  F l s e h e r - S p e i e r  method#
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■ I h e  . p r e p a r a t i o n '  o f , 2 s :4 - a im e ih y r p h e n y ia o e t I e  a c id  
'f rom  h o m o te r p e r y l  m e t h y l '"feetone h a s  'a i s o ,b e e n . e a r r i e d  o u t f 
u s i n g  d i r e c t  e x t r a c t  i o n : o f  t h e  a c i d ,  $7%' o f  . w h ic h  was o h t  a i n e d .
' B rom lna t i o n  o f  . p i n o n i c  a c i d  and .o f h o m o te rp e n y l
m e th y l  k e to n e  i n  h y d r o c h l o r i c  a c i d  y i e l d e d ’a  c l e a r  s o l u t i o n ,  
fro m  w h ic h  t h e p r o d u c t  o f  b r o m in a t io n  c o u ld  be  i s o l a t e d  b y  
p o u r in g  on t o  i c e ,  a s  d e s c r i b e d  ;b y  E a r i s p e ,  ( , I n  b o t h  , 
i n s t a n c e s ,  t h e  p ro d u c t  was a  v i s c o u s ,  p a l e  y e l lo w  .o r  
c o l o u r l e s s  o i l  w h ic h  was .k e p t  . f o r  l o n g  p e r i o d s  i n  a  
r e f r i g e r a t o r  w i t h o u t ' a p p a r e n t  ch an g e  * , I t  decom posed s lo w ly  
a t  room t e m p e r a t u r e ,  'and r a p i d l y  on  h e a t i n g .
; f h e  b r o m in a t io n  p r o d u c t s  o f  p in o n ic  a c i d  and o f  
.h o m o te rp e n y l  m e th y l ,  k e to n e  b o t h  g a v e  2 ;  4 -  dime t h y l p h e r y l a e ©t i c  
a c i d  on b e i n g  h e a t e d  w i t h  a  m ix tu r e  o f  h y d ro b ro m io  a c i d  and
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h y d r o c h l o r i c  a c id *  ' T h is 'm ix tu r e  .was .prepared .by. p a s s in g  
h y d ro g e n  ‘ c h l o r i d e  - I n t o ' a  m ix t u r e  :o f  c o n c e n tr a te d  h y d r o c h l o r i c  
and hydrobroraic a c i d s ,  and a p p ro x im a te d  i n  c o m p o s i t io n  t o  t h e  
s o l v e n t - i n  t h e ' r e a c t i o n  m ix t u r e  a f t e r  b r o m in a t io n  b ad  t a k e n  
p l a c e . (H y d ro g e n .b ro m id e  was n o t ' g i v e n  o f f  d u r i n g  b r o m in a t io n ,  
b u t  ■ d i s s o l v e d - I n '1 t h e  h y d r o e h l o r i e . a e i d } *  ■' •
: - Curing brominatlon by,.H a risp e* s method, the---: 
temperature:was■allowed to  r i s e ■free ly i ; i t ;increased by 
about -30° to  40*48®, depending Von the in i t ia l  temperature 
of the re act ant s ..; With homot erpenyl methyl. k@t one, .  which 
is 'v ery  soluble in'concentrated hydrochloric' acid , the :■ 
brominatlon was almost. Instantaneons, whereas • w ith : pinonic ■ ■ 
acid i t  was necessary to  shake the suspension fo r  .10 minutes 
before a l l : o f ' the bromine had reacted* :;
■■-^ V., v,. f O n ' s t i r r i n g ; a s u s p e n s i o n - o f  p in o n ic  a c i d  'in■••the 
h y d r o c h l o r i c  a n d 'h y d ro b ro m ic  .a c i d  m ixtu re  a t 48°, f o r .  10  
m i n u t e s ,  2 6 $  c o n v e r s io n  i n t o  h o m o te rp e n y l  m e th y l  k e to n e  t o o k  
p la c e *  ' ■ T hese  c o n d i t i o n s  a p p r o x i m a t e ' t o  t h o s e  i n  w h ich  
p i n o n i c  ..acid m ig h t:  be c o n v e r t e d  ' t o  t h e  k e t o l  a c t  one d u r i n g  
b ro m in a t lo n *  O b v io u s ly  t h i s  r e a r r a n g e m e n t  d o e s  n o t  t a k e  
p l a c e  r a p i d l y  enough'1 u n d e r  t h e s e  c o n d i t i o n s  f  o r  i t  ■ t o  b e  an  
e s s e n t i a l  s t e p  in. t h e  b r o m in a t lo n  mechanism* :
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Ch-By p r e v e n t i n g  t h e  t e m p e r a t u r e . f ro m  r i s i n g  above 
, 30® d u r i n g '  t h e ' b ro m in a t  i o n  -• o f  : p in o n io  a c i d , ■ and " s e p a r a t i n g  
t h e  p r o d u c t :a s  d e s c r i b e d  a b o v e ,  a, s e m is o l i d  was o b ta in e d  
. from  w h ic h  o d - b ro m o -p in o n ic  a c id  ( 2 6 } was i s o l a t e d  a f t e r  ;.
*W H*!W ei -
■ r e p e a t e d  ' r e c r y s t a l l i s a t i o n # : " T h i s ;  compound w a s / a  c o l o u r l e s s  -
■ c r y s t a l l i n e  s u b s ta n c e  m*p* 1 1 6 * 5 -1 1 7 °  w h ic h  sh o w e d ’n o  s i g n ' 
o f  d e c o m p o s i t io n  a f t e r  s t o r a g e  f o r  s e v e r a l . m o n t h s ’a t  room 
t e m p e r a tu r e *  ;• ‘A n a ly s is  and' d e te r m in a tio n  o f  e q u i v a l e n t  
i n d i c a t e d  t h e  e m p i r i c a l  fo r m u la  C1QH15°3  Br# On b e in g  
h e a t e d . w i t h  t h e  h y d r o c h l o r i c - h y d r c h r o m i c  a c i d  m i x t u r e ,
- 2 14 - d i m e t h y l p h e h y l& e e t ic ’a c id ;w a s  o b t a i n e d ' ( 3 8 $ ) # . " ’R ed u ction  
w i t h  s i n e  and h y d r o c h l o r i c  a c i d  y i e l d e d  p in o n io ■acid - ( i s o l a t e d  
a s ’i t s  oxlm a) and hom oterp en yl m eth y l k e t o n e : ( i s o l a t e d  
a s  i t s  S ti^ d in itr o p h e n y lh y d r a a o n e )  10$* ; - I t s  a c i d i c  
e q u i v a l e n t , ■and t h e  i s o l a t i o n  o f  p i n o n ic  a c i d  f rom  i t s  
r e d u c t  i o n - p r o d u c t , '  d e m o n s t r a t e d - t h a t  t h e  bromo-compound • 
r e t a i n s  h h e '  s t r u c t u r e  o f ' p i n o n i c  a c i d * - t h e  f o r m a t io n  ■ o f  
k e t o l a c t o r e ;  d u r i n g  t h e ; r e d u c t i o n  i s  a s c r i b e d  t o  t h e  p a r t i a l  
r e a r r a n g e m e n t  o f ' p in o n ! e  a c i d  i n  t h e  a c i d i c  r e d u c t io n -m e d iu m *
-29
COOH
CH,
Zn/HGl
COOH
(4 )
CH™| 3
OssseQ
CH
( 3 )
COOH
(2 6 a )
t o  compound c o n t a i n i n g  a  bromo^methyl g ro u p  h a s  
b e e n e n c o u n t e r e d *  h en ce  th e  b rom o-p ln on ic  a c i d  i s  c o n s id e r e d  
t o  he' (2 6 )  and n o t .  t h e  c a rb o n  b r id g e h e a d  .b e in g
b ro m in a te d  i n  p r e f e r e n c e  t o  t h e  u n s u b s t ltu te d  m e th y l  group* 
T h is  b e h a v i o u r  i s .  s i m i l a r  t o  t h a t  o b s e n r e d . i n  t h e : a c i d -  
c a t a l y s e d  'b rom in atlon  o f  m eathone  (4 2 )  and oa rv amenthone ■ (4 4 )  
(E o ts  ■ and * S t e i n h o r s t ,  Ann*,, X911# -$ 7 9 m 13 )  * : T h ese  gave
e x c l u s iv e ly - t h e " t e r t i a r y  b r o m o -d s r lv a t lv o s  (4J5) and ( 4 5 ) 
r e s p e c t i v e l y #
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CH , , CH,°  i 3
.. - H  .CH .
/  \  /  \
CH„ . NCH„ . CH_ 0Ho
| I >  j B | 2
CM0 QsmQ ■ -.-CBL: .-:..v .;:.0»0» X  (3 /
/  \  /  \
CH, CH , OH, CH^  «5 o o
(43)
CH, -
I 3
.CH
CH c«o
1 2 I
CH, ^
:: N CH , ,/
CH
.CHX \CH,
(4 4 )
.Br
G^ *&0
I
CH_ .CH„M
\ CH
.CH ■
/  \
CH* CH,
■' C455
■ '.Lik© pinonic a c id  its e lf* -  t h e  b r o m o - d e r i v a i i v e  ' 
m ay show g e o m e t r i c a l  -isomerism. ' C±,3,* tre n s -Pinonic acid  
was' sub jected  - to  brominatlon* and was*also o b t a i n e d  (as i t s
o x im e ) on. r e d u e t  io n  o f  t h e  brom o-com pound. However i t  d o es  
n o t  n e c e s s a r i l y  f o l l o w ^ f r o m " t h i s ,  t h a t : - t h e  bromo-compotmd 
m ust a l s o  be  a s s i g n e d  t h e  t r a n s ^ o o n f i g q r a i i o n » a s  a  change  
o f  c o n f i g u r a t i o n  may o c c u r  i n  b ro m in a t  io n  o f - p i n o n i c  a . c i d : 
(v ia- t h e  enol}*. and  d u r i n g  r e d u c t i o n  o f  t h e  bromo-cQmpound*
CEo «*+E
E~**B
0ss»O
r y  ' J
co2h
(4 )
B r\ r CH.
I %+ •* I
B r c — 0-*H
c.
co2 h
b r c
OO^H
*HBr
(2 6 )
. As t h e r e o r y s t a l l l s e d  b ro m o -p in o n ic  a c i d . i s  ' 
a p p a r e n t l y  hom ogeneous# i t  I s  m ost l i k e l y  t h e  t r a n compound» 
s i n c e  t h i s  i s o m e r -m ig h t  be  e x p e c te d  l i k e  t r a n s * ^ p in o n ic - a c id  ■ 
t o  h a v e  a  lo w e r  s o l u b i l i t y  t h a n  , t h e  c i s - i s o m e r ,  which'- would 
be  removed d u r i n g  t h e  r e c r y s t a l l i s a t i o n #
K e l t  h e r  t h e  c i a - l s a m e r y  n o r  b ro m o -h o m o te rp e n y l  
m e th y l  k e t o n e  h a v e  b e e n  i s o l a t e d ,  b u t  b o t h  p r o b a b l y  fo rm  
c o n s t i t u e n t s  o f  t h e  v i s c o u s  o i l s  o b t a in e d  b y  *u n c o n t r o l l e d ” 
b r o m in a t l o n  o f  p in o n ic  a c id  and h o m o te rp e n y l  m e th y l  k e t o n e .
i ■ The f o r m a t i o n  o f  b ro m o ^ h o m o te rp e n y l  m e th y l  k e to n e ,  
m a y . ta k a  p la c e '  i n  t h r e e  d i f f e r e n t  w & y ss~ h
{£}-■ By a  m@oha.niam r e s e m b l in g  t h a t  p ro p o se d  f o r  t h e  ■ 
r e a r r a n g e m e n t  .o f p inanX e a c i d  t o  h o m o te rp e n y l  m e th y l  • 
k e to n e  (p* 2s j ' i -
H m <z
I I +H
H CO C% C% 0 H CO CH_ GH3 0
\ i  t y  ^  i \ i  \ /,+ c— ■— o . o=c — -s> .c c- IIi -  %* C --------------0 0 0  > ,C  '0 — 0 ------c
B r -3 r  I B r
CH— — -C B ^ '. v  HBr 4  ■ ■ 0H2 - ~ —  OH— :— CH^
- A s im ltsm o c m s  s h i f t  o f  e l e c t r o n s .  I n v o lv in g  a t t a c k  
by th e :  c a r b o x y l • g ro u p  upon t h e  carbon" atom' w h ic h  c a r r i e s  tw o . 
£em ~m ethyl g r o u p s ,  w i t h  f i s s i o n '  o f  t h e  c j c l p t m t a r e  r i n g , ‘'.and 
fo rm a tio n  o f  a  c a rb o n  t o  b ro m in e  bond a t - t h e  p o i n t  o f ' f i s s i o n #
. f i l )  ■ By, i n t  t  rra©<3 i  a t  © f o r m a t io n  - o f  ' t h e  eixoX. "o f /b o m o te rp e n y l  
ra s th y l  ket'0»©s~ .■'
{i l l }' By rearrangement of th@ protonai eel r bromo**pinonie
HO*=«0KJ
/
Br
OIL
' B
k  < _ /  f , rC ^  &=C
-OH- ■ch2
(4 8 )
«* f=
: 0ss»O
I
H y f
B r
0%
0 f?
■c»
II C1I,
h ,  I 30JL0H+/I
,  . y u
Br>
C %
0
I I
,c
oh2
CH--. C2L
-O H *
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0
IIc—-o—-c.
Gilo
I n  © ons it ts io n*  . H a r i s  p©* si schema ( p * 113) f o r  t h e
c o n v e r s i o n  o f  p i n o n i c  :a o id  in i©  B |4 - a i m e t l i y l p l i o n y l a c e t i c  
a c id  i s  re-cons id  a red*  ' -The f i r s t  s ta g ©  i n  t h i s  scheme 
i s  t h e  f o r m a t i o n  o f  b ro m o -p in o B ie  a c id  (3 -a c e ty X  3-brom o
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2 i 2 - d i m e t h y l  e y e lo b u t y l  a c e t i c  a c i d } ■. ( 3 6 ) ,  a n d : t h i s I s  
f o l lo w e d " b y  r e a r r a n g e m e n t  o f  t h e  bremo-aeid.■■■into, h rom o- . 
h o rn e tsp p en y i  m e th y l  k e to n e  {27) > which, can a l s o  :be  
p r e p a r e d  b y  b ro m in & tio n  o f  t h e  k e t o l a c i o n e *  The c o n v e r s i o n  
o f  b o t h  p ln o n io  a c i d  a n d .h o ra o te r p e n y l  m e th y l  k e to n e  i n t o  
2 *4-dim @ thyI p h e n y l  a c e t i c  a c i d  h a s  now been  v e r i f i e d ,  and 
3 - b r o m o - p in o r io  a c id  h a s  b e e n  i s o l a t e d  a s  a  c r y s t a l l i n e  ■ 
s u b s ta n c e  and c h a r a c t e r i s e d #  . T h ree  p o s s i b l e  m echanism s 
f o r  t h e  f o r m a t i o n  o f  t h i s  compound a r e  s e t  o u t  above# .
T h e re  i s  no e v id e n c e  to - show how t h e  s u b s e q u e n t  
c y o l l s a t i o n  o f  ( 27)  t o  2 s 4 - d lm e th y l  p h e n y l  ace  t i c  a c i d  
o c c u r s *  The o v e r a l l  r e a c t i o n  I n v o l v e s  l o s s  o f  t h e  
e le m e n t s  o f  w a t e r  end o f  h y d ro g e n  b ro m id e ,  and t h i s  may 
o c c u r  i n  tw o  s t e p s  o r  i n  t h r e e s  i t  a p p e a r s  t o  b e  im p o s s ib le  
t o  d e te r m in e  t h e  seq uence#  However i t  i s  n o t  l i k e l y  t h a t  
H arispe*j$  h y d r o x y - a c id  (29? h a s  a n y  r e a l i t y  a s  an i n t e r ­
m e d ia t e ,  t h e  l a c t o n e  (2 8 )  r e a r r a n g i n g  s p o n t a n e o u s ly  i n t o  
2 * 4 - d im e th y lp h e n y ! a c e t i0 '  a c id *
S u b l im a t io n  i n  v ao n o  h a s  b e e n  shown t o  be a  
s a t i s f a c t o r y  method o f  i s o l a t i n g  2 * 4 - d im © th y lp h e n y la c e t io  
a c i d  fro m  t h e  p r o d u c t s  o f  r e a c t i o n ,  and i t s  i s o l a t i o n  w i t h o u t  
r e c o u r s e  t o ■e s t e r i f i c a t i o n  shows  t h e  a c id  i t s e l f  t o  be  t h e  
m ain p r o d u c t  o f  t h e  r e a c t i o n *
. The- I h o a p l io r l c 'A c l t l  — C a ta ly s e d -  'b e e o m r o s i i io n  -r- i— n » t- a n n # > r i r < r  - n «mi * ~ 'riutffiiW u iw  ii r i - ^ iii n j if iiri iig in fitii '•w~r~ ftw m w .i i<piiii<m niiftH!W Hf "irwim r t i iir r r ’TTtui   m il u i n i * i i .  in m r n r  i t i i r*7 m u  gr- ~ i i.mw .  ~ i»cwi.i ir  n
" o f  ^ i r o n i c  -Acids. > t h e , ’ fr o d n c ia  and  M echanism o f  t h e  He a c t !  on
The mechanism proposed  b y  H a r i s  p© f o r  t h e  c o n v e r s io n  
o f  p i n o n ic  a c i d  and h o a o te r p e n y l  m eth y l k e to n e  i n t o  .
2 t 4 - d i m e t h y l p h e n y l a c e t i c  a c id  r e q u i r e s  t h e  i n t e r m e d i a t e  
f o r m a t io n '  o f  ,c C -b ro m o -h o m o te rp en y l  m e th y l  k e to n e  ( s e e  p* 1 3 ) ,  
and t h e r e  seem s t o  be  no r e a s o n  t o  d o u b t  th is * .  • Xtr v ie w  o f  - 
t h e  o c c u r r e n c e .o f . th e  s u b s e q u e n t  e y c l l s & t i o n  o f  t h i s  compound, 
c o n s i d e r a t i o n  w as, g iv e n  t o  t h e ,- p o s s i b i l i t y  o f  b r i n g i n g  a b o u t  
an a n a lo g o u s  c y c l i c  a i i o n  o f  h o m o te rp e n y l  m e th y l  k e to n e  I t s e l f ,  
in  . t h e . a b s e n c e  o f  o x i d i s i n g  a g e n ts *  P r o l o n g e d ; h e a t i n g  w i t h  
50% aqu eo us  s u l p h u r i c  a c id  had no e f f e c t  o t h e r  t h a n  t o  c a u s e  
t h e  fo r m a tio n  o f  r e s i n ,  w h i l e  t h e  a c t  lots o f  p h o sp h o ru s  
pent o x id e  up on  a  s o l u t i o n  o f  t h e  k eto la o to n ®  i n  b e n s  one . 
m e r e ly  produced a  s m a l l 'a m o u n t  o f  h i g h l y  c o lo u r e d  s u b s t a n c e  
w h ic h  w as n o t  . exam ined f u r t h e r *
When t h e  k e t© la c to n e  w a s - h e a te d ,  w i t h  p h o s p h o r ic ,  
a c i d ,  d e c o m p o s i t io n  o c c u r r e d , .carbon d i o x id e  b e in g  e v o lv e d .  
F o r  i n v e s t ig a t io n  o f  t h e  p r o d u c t s  o f , t h i s ,  d e c o m p o s i t io n ,  
t h e  k e to la c t o n e  was n o t  p r e p a r e d  s e p a r a t e l y ,  b u t  fo rm ed  
i n  s i t u .  I t  b e in g  known ( T a b le  1 )  t h a t  t h e  k e to la c to n e  i s
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f  o ra e d  r a p i d l y  from' p i n o n i e  !"aeid when th e .  l a t t e r - l a  h e a t e d  
i n  p h o s p h o r ic  a c i d . '' . A c c o rd in g ly ,"  p inon lo '.  'a c id '  was h e a te d  
w i t h  p h o s p h o r ic  & e id ' '(d  1*72' —■• 1*74")- t o  -150-165°#" w hen ':- 
d e c o m p o s i t io n  occurred*-/ ' . ‘ ■ -
Ih© p r o d u c t s  o f  t h i s  d e c o m p o s i t io n  war© t h e  ; 
f o l l o w i n g * -
{i ) 2 * 4 -M m e th y l  p h e n y l  a c e t i c  a c id  (3 0 )  3 * 5 $ ,  i d e n t i f i e d
b y  i t s  m*p* a l o n e ,  and when mixed w i t h '  a : spec im en ' o f  t h e  
a c i d  p r e p a r e d  by- H a r isp © 1^ m ethod ( l o o * c i t ♦ ) .  *
( i i )  The l a c t o n e  o f  2 - h y d r o x y  2 : 4 - d im e th y l  c y e l o h e x y l  a c e t i c  
a c id  (5 0 )  7 * 5 ^ .  ■ The e q u iv a l e n t #  d e te r m in e d  b y  t i t r a t i o n , ,  
and a n a l y t i c a l  d a t a ,  w ere  i n  a g re em e n t w i t h  t h e  e m p i r i c a l  
f o rm u la  C^qE, * Ox id  a t  i o n  w i t h  b ro m in e  ■ y i e l d  sd 
2 s 4 -d im © ih y lp h e » y la c e t io  a c i d .
GE
2B r,
(50)
c a
CH,
(30)
-HHBp
( I l l )  A m ix tu r e  o f  u jr-eum ene (1 *2 *4-'t r i m e t h y l , b e n z e n e )
(5 1 )  ar.d 1 * 2 * 4 - t r i f f i e th y l  e y e lo h exene  ■•(52)• 2 4 * 5 ^ : ( c a l c u l a t e d  , 
a s  : ,Thes® w e re  n o t  s e p a r a t e d  b u t  . i d e n t i f i e d  - a s -. - ;
d e s c r i b e d  below ., , .
(± v ) A. h y d r o c a r b o n - p r o d u c i  o f  h i g h  m o le c u la r  w e ig h t  and 
d o u b t f u l  h o m o g e n e i t y * : T h is- 'w as n o t ; i d e n t i f i e d * / 1
( v )  A n e u t r a l  r e s i n ,  q u a n t i t a t i v e l y  t h e  m ain  p r o d u c t#
■■ ...The s e p a r a t i o n ' o f  ' t h e s e  p r o d u c t s  "was a c h i e v e d ,  
b r i e f l y , - a s f o l l o w s . ( a  f u l l ' d e s c r i p t i o n  : i s  g i v e n  i n  t h e  - 
e x p e r i m e n t a l  - s e c t io n *  ) -
,;v '-The ■ r e a c t i o n  m ix tu r e  w as s t e a m - d i s t i l l e d $ ; ( ! )  u; 
and ; { i i )  w ere  - e x t r a c t e d  -from  t h e ; a q u e o u s  . p a r t  o f  t h e  \ v 't iu v -  
d i s t i l l a t e ,  and t h e ' a c i d  ( ! )  was : s e p a r a t e d  from  t h e  -‘l a c t o n e  .• 
( l i )  b y .a l k a l i n e ,  e x t r a c t io n * .  ;- The o i l y . . p a r t  o f  t h e  steam -*;:; 
d i s t i l l a t e  a l s o  o o n ta in e d  (1 ) and ( 1 1 ) ,  t o g e t h e r  w i t h  ( i l l )  
and C iv)* .' A l lc a l in e  e x t r a c t i o n  w a s va g a in  u s e d - t o  s e p a r a t e  
(1 )*  D i s t i l l a t i o n  a t  a tm o s p h e r ic  p r e s s u r e  t h e n  s e p a r a t e d  
t h e  h y d ro c a rb o n  f r a c t i o n  ( i l l )  f ro m  ( i i )  and ( i v ) ,  w h ic h  
t o g e t h e r  c o n s t i t u t e d  a  h i g h - b o i l i n g  r e s i d u e f  t h e  l a t t e r  
was s e p a r a t e d  i n t o  , i t a  c o n s t i t u e n t s -  b y  s a p o n i f i c a t i o n  o f  ( i i )
w i t h  a l c o h o l i c  p o ta s h *  - ■ - ;
A n e u t r a l  r e s i n  (v )  rem a in ed  a s  a  n o n - v o l a t i l e  
■ re s id u e  a f t e r  s t e a m - d i s t i l l a t i o n *  ' ■ Some 2 i 4 -d im © th y lp h e n y l-  
a c e t i c  a c id  (1 ) a l s o  rem ained., a n d - w a s - s e p a r a te d  from  t h e  
r e s i n  b y  s u b l i m a t io n  i n  v a c u o * •
I d e n t i f i c a t i o n  o f  t h e  c o n s t i t u e n t s  (5 1 )  and (5 2 )  
o f  t h e  h y d r o c a r b o n . f r a c t i o n ; ( i l l )
The. m ix tu r e  o f  h y d ro c a r b o n s  was f r a c t i o n a l l y  
d i s t i l l e d ,  16 f r a c t i o n s  b e in g  s e p a r a t e d  w i t h i n  t h e  ra n g e  
144-16-6°* t i t r a t i o n  o f  s e le c t e d  f r a c t i o n s ' a n d  s e p a r a t i o n  
o f  5 * 5 * 6 * -tr ia itr o  "^-eum ene a l lo w e d  an  a p p ro x im a te  e s t i m a t e  • 
o f  t h e - e u m e n e  c o n te n t  t o  be made* Tinder t h e  n i t r a t i o n ,  
.co n d itio n s- em ployed , .^ -cu m en e. y ie ld e d  60$  o f  t h e  t r i n i t r o ­
compound, . th o u g h  w i t h  m ix t u r e s  i t  i s  p r o b a b le  t h a t - t h e  y i e l d  
©f n itro-com pound d im in ish e s  more r a p i d l y  t h a n  t h e  "^r-cumene 
c o n te n t*  ■ ’ ;:'v^"v----
: The f o l l o w i n g , f a c t s  w ere a s c e r t a i n e d  I -  ■ ->
( a )  The h lg h e  s t - b o i l i n g ' f  f a c t  i o n  b*'p* 1 6 5 -1 6 6 °  y i e l d e d  
49 $  o f  t h e  t r in i t r o - c o m p o u n d *
(lb} ■;■ T h e ; f r a c t  io n  b*p* 153-154° . y i e l d e d  5 #  o f  t h e  
trinitro-eoapouBd# ; . . V
■(c)'. ; C arbon  and h y d r o g e n 'a n a l y s i s  o f  :a  f r a c t i o n  b*p* ■
1 5 1 -1 5 3 °  i n a i c a t e d  t h a t  i t  c o n t a in e d  21% o f  i j r -cu m en e  and 
79% o f  l* 2 * 4 * t.r im e th y X  c y o lo h exene#
( d ) - • k  f r a c t i o n  b*p# 1 4 9 -1 5 0 °  was d e h y d ro g e n  a t  ed  b y  b o i l i n g  ■ 
w i th '  p a l l a t i s e d  c h a r c o a l  - ( L i n s t e a d |  M illidge ,*  and Thomas*
J , ,  1937* 1 1 4 6 | B l u e t s a d ,  M ic h a e l i s *  and Thomas* J . , 19 40 , 
1139)*  I t s  b#p* and r e f r a c t i v e  in d e x  were, t h e r e b y  i n c r e a s e d ,  
and t h e  p r o d u c t  g av e  28% o f  t h e  t p i n i t r o - c  ampound* i n d i c a t i n g  
t h a t  t h e  o l e f i n i c  c o n s t i t u e n t  o f - t h e  m ix t u r e  h a s  t h e  same ' 
c a rb o n  sh e  l e t  on a s  ^ - c u r a e r e *  /  .
■ 0%a n a l y s i s  d id  n o t  s u c c e e d ,  a s  no  i d e n t i f i a b l e  
p ro d u c t  s  - we r e  ob t  a i n e d *; '•... T h i s was p r o b a b ly  d u e  t o t  he  
f o  m a t  io n  o f  s t a b l e  p o ly m e r ic  o ison ldea  s i m i l a r - t o  t h o s e  - 
o b t  a in e d  b y  0 r i e g e e  and h i s  eo~w oi% ers: (B a r  *,  1 9 5 5 ,  - 8 6 , 1 j 
Ann*," 1 9 5 4 , "585, M ?  -by t h e  m o tio n  o f  o son a  upon  lz.2-- d i m e th y l  
c y c io h exene*" -
H i t r a t i o n  o f  t h e  m ix tu r e  y i e l d e d  23#  o f  t r i n i t r o  
^Ir-cumere" (*Jr -eu m e re  i t s e l f  y i e l d e d  60#)*  . Hence t h e
-4 1 -
mixture-. c o n t a i n s  n o t  l e s s  t h a n ' 39$  o f  u jr-cum ene* . - From - ; 
t h e  r e f r a c t i v e -  i n d i c e s  o f  t h e  m ix t u r e ,  (n ^  -1*4780), 
njr-cnmene ( n | S 1 * 5 0 2 0 ) ,  and 1 i 2 s 4 - t  r im e t  h y l  e y c lo h e x e n e  -
oct
(nji .1#4430)> i t  was c a l c u l a t e d  t h a t  t h e  m ix tu r e  c o n t a i n s  
415® o f  o l e f i n  and -59* o f  -(jr-cumena. In  th e  absen ce o f
more r e l i a b l e  d a t a ,  i t  was assum ed t h a t  t h e  m ix tu r e  
c o n s i s t e d  o f  e q u a l  p r o p o r t i o n s  o f  o l e f i n  and -cu m e n e • ■
The o l e f i n i c  bond, in  t h e  t r i m e t h y l  c y c lo h ex en e  
was l o c a t e d  b y  co m p a r in g  t h e  r a t e  o f  c a t a l y t i c  (F tO g) - 
h y d r o g e n a t io n  o f  t h e  u n f r a c t i o n a t e d .h y d r o c a r b o n - p r o d u c t  
(0*08 m o le ,}  w i t h  t h e  c o r r e s p o n d i n g  r a t e s  f o r '  c y c lo h exen e,- 
1 - m e th y l  c y c l o h e x e n e ,  and 1* 2 -d im e th y l c y c lo h exen e ..{0*04 
m o le t }*
The o r d e r  o f  t h e  r e s p e c t i v e  r a t e s  was found  t o  bet* 
C y c lo h ex en e  >  1 -M e th y l  .cypl.ohexepe
> >  I t  2 -D im e th y l  c y c lo h e x e n e  P ro d u c t  
T h ese  r e s u l t s  a r e  in - g o o d .a g r e e m e n t  w i t h  t h e  g e n e r a l  
p r i n c i p l e s  d e te r m in e d  b y  l e b e d e v ,  K o b l i a n s k y ,  and Y akubch ik  
( l » ,  19.25, 1 2 7 ,.  4 1 7 ) , . .  - T h ese  a u t h o r s  s t u d i e d  t h e ; r e l a t i v e  
r a t e s  o f  c a t a l y t i c  h y d r o g e n a t io n  o f  a  l a r g e 'n u m b e r  o f  
o l e f i n i c  s u b s t a n c e s  and showed t h a t  i n  m o s t • i n s t a n c e s  t h e
p resen ce  o f  0 6 - s u b s t i t u e n t a  r e ta r d s  th e  ’ r a te  o f--h yd rogenation*
\  The hydr o c a rb o n -m ix tu re : i s  a p p a r e n t l y  f r e e ' from  
compounds c o n ta in in g  t h e  a n d ' g r oups  i n
t h e  r in g #  . Of a l l  t h e  p o s s ib l e -  i s o m e rs '  o f . te tr a h y d r o -^ -c u m e n e ,  
o n ly  l t 2 14 - t r i m e t h y l  c y c lo hexene c o n ta in s '  t h e  d i f f i c u l t l y -  
h y d r o g e n a te d  te tr & s u b s t l tu te d  o l e f i n i c  bond* ■
■ R eview in g  t h e  e v i d e n c e ' f o r  t h e ' a t r u c tu r e  o f  t h e  
o l e f i n i c  p r o d u c t ,  w e 'h a v e s -  ' " •
. ( a )  D eh yd rogen ation  and  a n a l y t i c a l  d a t a  i n d i c a t e  i t  t o  be  
a  h y d ro -^ -c u m e n e # ;  ,
{b) O z o n o ly s i s  i s  n o t  - p r a c t i c a b l e , - and  t h e ;  r e s u l t s  b e a r ... - 
c o m p a r iso n  w i t h  t h o s e  o b t a i n e d  b y  C r ie g e a  and c o - w o r k e r s ■ 
when s t u d y i n g  t h e  o z o n o l y s l s  o f  1 * 2 - d l m e t h y l  c y c l o h e x e n e * .
Co) H y d ro g e n a t io n  d a t a  i n d i c a t e  t h e  p r e s e n c e  o f  ft 
t e t r a s u b s t l t u t e d  e t h y le n ic  g ro u p in g  (a s  i n  1 *2 -d im e th y l
c y c lo h e x e n e )#
(d ) ■- - The - o l e f i n  i s  p ro d u c e d  u n d e r  ' c o n d i t I o n s  ' w h ic h  w ould  
p e rm i t  - i so m e r  i s  a t  I o n  o f  a  t e t r & h y d r o - ^ - c u m e n e  t o  t h e  m ost 
s t a b l e  iso m er*  -" 4:O f ; a l l  t h e  p o s s i b l e  i s o m e r s ,  o n ly  (5 2 )
c o n t a i n s  a te fc r a su b a titu te d  e t h y l e n l o  g r o u p ,  end t h i s  would 
c e r t a i n l y  b e  t h e  m ost s t a b l e ,  a s  i t  p o s s e s s e s  t h e  maximum • 
num ber o f  h y p e rc o t i ju g a b le  h y d ro g en  atoms*- •
The schem e be low  '{Fig* 0 )  a c c o u n ts  i n  w hat i s  
b e l i e v e d  t o  be t h e  s i m p l e s t  way f o r  t h e  f o r m a t io n  o f  t h e  
p r o d u c t s  d e s c r i b e d * ' .  P in o n ie  a c id  ' (4 )  i s  r a p i d l y  c o n v e r t e d  
I n t o  h om oterp en yl m e th y l  k e to n e  (3 )  i n  p h o s p h o r ic  a c i d  
(95$ c o n v e r s io n  a f t e r  5 . m in u tes a t  100°  (T a b le  ! ) *  
Hpm oterpenyl m e th y l  k e t o n e  t h e n - u n d e r g o e s  r i n g - c l o s u r e  
b e tw ee n  one o f  " th e  gem-met IiyX g r o u p s ,  and t h e  c a r b o n y l  
group? , t h e  l a c t o n e  o f  2 -h y d ro x y  2 14 -d im e th y l e y e lo - h e x - 3 -  
o t iy l  a c e t i c  a c i d  (4 8 )  i s  form ed* An e q u i l i b r i u m  p rob ab ly  
e x i s t s  b e tw ee n  t h i s  compound and  2 *4 -d im e th y l c y c l o - h e x a -  
l s 3 - d i e i i y l  a c e t i c  a c id  ( 4 9 ) ,  The l a c t o n e . o f  2 -h yd roxy  '
8 ?4- d l® e t ! iy l  e y c lo h e x y l  a c e t i c  a c id  I s  fo rm ed  by  a d d i t i o n  
o f  h y d ro g e n  t o  ( 4 8 ) ,  w h i l e  d e h y d ro g e n a t io n  of. (4 8 )  (o r  4 9 ) 
y i e l d s  2 t 4 - d im e th y lp h e n y la e e t io  a c I d • D e e a r b o x y la t i o n  o f  
(4 8 )  ( o r  4 9 )  and d eh yd rogen aticm , y i e l d s  ijr-cum ena ( 5 1 ) ,  
D e c a r b o x y la tio n  o f  (4 8 ) (o r -  4 9 ) and h y d r o g e n a t io n  y i e l d s ;
1 %2 * 4 - tr im e th y l c y c lo h exene  . ( S i ) * .
I t  i s  not th ou ght th a t  fo rm a tio n  o f  p a ir s  o f
-4 4 -
h y d ro g e n a te d '  and d e h y d ro g e n a te d  compounds ( e * g *  30; a n d  5 0 ;
51 a n d : 52 ) i m p l i e s  t h e - a c t u a l  o c c u r r e n c e  o f d i s p r o p o r t i o n a t Io n  
a t  a n y v s t a g e - i n  t h e  scheme#^ / .Mechanisms in v o lv in g  t r a n s f e r  
o f  h y d ro g e n  may in v o lv e  compounds w h ich  s u b s e q u e n t l y  c o n d en se  
o r  p o ly m e r is e  t o  g i v e  r i s e  t o  t h e  . r e s i n ;{ w h ic h  fo rm s t h e  
g r e a t e r ' p a r t  o f  t h e  p r o d u c t * .
.S e v e r a l  exam p les  a re .k n o w n  o f  s u c h  hydrogen** 
t r a n s f e r  i n  t h e  p r e s e n c e  o f  s t r o n g l y  a c i d i c  o r - e l e c t r o p h i l i c ■ 
c a t a l y s t s *  J 1
■ • . .T o r  e x a m p le ? - .  ■
( a )  . The fo rm a t  i o n  o f  a  m ix t u r e  o f  m ~xylene and I t S - d l m e i h y l  
c y c lo h exene  b y  t h e  d e h y d r a t i o n  o f  0 -m e th y l  h e p t - S - e n - S - o n e  ■ 
i n  t h e  p r e s e n c e  o f  z i n c  c h lo r i d e #  p h o sp h o ru s  p e n to x id e , o r  
d i l u t e  s u l p h u r i c  a c id  (W allae l i ,  Ann*, 1890 , 2 5 8 * 306 ; Ann*, 
19 13 , 3 9 5 ,  8 0 } * ' '
fJ2 °
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(b )  The f o r m a t io n  o f  ^ - c u m e r ©  and a n . u n i d e n t i f i e d
h y d r o c a r b o n - C p ro b a b ly  1 : 2 14 - t r l m e t h y l  c y c lo h e x e n e ) by  t h e  
d e h y d r a t i o n , o f . t h u j a k e t o n e  ( 2 :3 -d im @ ihy l h a p t - 2 - e n - S - o n e )  
i n  t h e  .p r e s e n c e  o f . a in o  '.-ch loride#  p h o sp h o ru s  p e n t  o x i d e ,  
o r  d i l u t e ; s u l p h u r i c  a c i d  (W a l la c h ,  Ann*, 1893* 2 7 5 , 174? : 
Ann## 1913  ^ 3 9 5 ,  BO)* : ,
( c )  -The fo rm a t  io n . o f  3 -m e th y l  x a n th e n e .  t o g e t h e r  w i t h  
u n s p e c i f i e d  d i -  and t e t r a - h y d r o d e r i v a t i v e s  b y  t h e ,  : 
d i s t i l l a t i o n  o f  2 - m e th y l  o C - t© t r a m e t h y l e n e  oC- h y d r o x y  
b e n s - o £ - p y r a n  w i t h  s i n e  c h l o r i d e  {Borsch© and Geyer* Amu# 
1912* 3 9 5 ,  4 8 ) ;  ;
/ \ J
HO
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( d ) f h e  r e d u c t i o n  o f  1- m e th y l  4* i s o - p r o p y l  -cyelohe x en e  ' 
■by cymeno i n  t h e p r e s e n c e " o f  h y d ro g e n ' f l u o r i d e  : o r  s u l p h u r i c  
a c id  , a s  c a t a l y s t * :  ;' - 1 -M e th y l  '4 - i s o - p r o p y l  p y c lo h e x an e  " is  
fo rm ed , w h i l e  t h e  'cyraene : r e s i d u e s  c o n d en se  :t©" f o m r  ; 
I t 3 i 3 t $ ~ t e t r a m e t h y i  1 - p - t o l y l  in d a n  • ( I p a t i e f f ,  f i n e s ,  ; and 
O l d h a r g , : f  ’ ihmer* Che® * ■ Soo * ,  1 9 4 8 , '  7 0 ,  : 218 3 )  *
CH.
(eH ..T h e. fo rm a tio n  o f  1 -m eth y l .is© -q u in o lin e  from  I - a e e t y l  
p h e n y l a l a n i n e ,  and o f  norharman from  K -fo n a y l t r y p t o p h a n ,  
on t h e i r  b e in g  h e a t e d  w ith  'p o lyp h osp h oric  a c i d  c o n t a i n i n g  
phosphorus t r i c h l o r i d e ,  in v o lv e s  e l i m i n a t i o n  o f  w a t e r ,  
l o s s  o f  c a rb o n  d io x id e ,  and d ehyd rogenation - (S n y d e r  and 
W erb er ,; *FV Amer* Chenu S oe* , 19 50 , 72 , 2982)*
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; : ' : E x p e r im e n ta l  e v id e n c e  in  f a v o u r  "of, t h e  ■ above  ; 
b cheme {F ig  * 6 )•' i s  m a in ly  'o o n e e m e d  • w i t h  t  ha r e  j  a c t  i o n ' o f  •. 
r o u t e s ' ' a l t e r n a t i v e ' t o  " th o se  d e s c r i b e d # '"
A -s tu d y  o f  t h e  r a t e s  o f- 'c a r b o n 'd io x id e  e v o l u t i o n
o
from  t h e  f o l l o w i n g  compounds in  p h o s p h o r ic  a c id  a t  160 ,  
h a s  a f f o r d e d  a'm eans o f  d e c id in g  t h e  r e l a t i v e  l i k e l i h o o d  - : 
o f  c e r t a i n  o f  t h e s e ' r o u t e s * - ;
; ; ;  : 2 s 4-Rime t h y l  p h e n y l  a c e - t ic  a c id  ' (3 0 )  .was - h a r d l y  : ■
a f f e c t e d  u n d e r  t h e s e  c o n d i t i o n s ,  05% o f  t h e  a c id  b e in g  V: 
r e c o v e r e d  a f t e r  one h o u r  a t  1 6 0 -1 7 0 ° ,  whence i t  i s  c e r t a i n  
th a t  ■'jr-c-uaene i s  not formsd by d e c a r b o x y la t io n  o f  t h i s  
a c id *  •
In  10 m in u te s , p in o n io  a c i d  y i e l d e d  59$ o f  t h e  
p o s s i b l e  c a rb o n  d i o x i d e ,  and t h e  d e c a r b o x y l a t i o n  d id  n o t  
p ro c e e d  much f u r th e r  on l o n g e r  h e a t in g  .{60$ a f t e r  30  
m i n u t e s ) ♦
The l a c t o n e  (5 0 )  g av e  16$ o f  c a rb o n  d i o x i d e  
a f t e r  10 m in u te s ,  s o  th a t  a  s m a l l  . p a r t  o f  t h e  y i e l d  o f
(5 2 )  may be  form ed from  t h i s  l a c t o n e ,  w h ich  i s  p r e s e n t  
o n ly  i n  low c o n c e n t r a t i o n  i n  ' t h e  r e a c t i o n  m ix tu re #
R e d u c t io n  o f  homota r p e n y l  m e th y l  k e to n e  b y .th e -
H u a n g - lf l r lo n  p ro cedure ;:  (*T*' Amer.t- Chera* - -See*,,, 1946 ,. 68* .2487} 
y i e l d e d  •, ^ -n « * b u ty l-  ^ d i m e t h y l .  ^  - b u t y r o l a c t o n e  ( 5 5 ) , : w h ich  
p u d e r .  t h e  .same e o n d i t  i o n s  . a s  p i n o n ic  a c i d  and the.- l a c t o n e  . 
(5 0 )  g avs  1 *4$ o f  ...the . .p o s s ib l e  carbon , d io x id e  i n  .10 .m in u te s*  
H om oterpany l:  m e t h y l ;k e to n e  i s . t h e r e f o r e  n o t  l i k e l y  to ,  
u n d e r g o : r a p i d  d e c a r b o x y l a t i o n  t o  2 : 3  d i m e t h y l :h e p t - 2 - e n -S -o n e
(5 3 )  a s  i t ;  d i f f e r s  f ro m  (5 5 )  o n ly  i n  p o s s e s s i n g  a  c a r b o n y l ,  
g ro u p  a t  0 j ^  j o f  . t h e  s  id  e - c h a in *  , w h e re  \ t h i s  ■ g ro u p  i s  u n l i k e l y
t o - a f f e c t  t h e . r a t e  o f  d e c a r b o x y la t io n  .o f>. th e  l a c t o n e - r i n g #
The 'product o f  t h e  d e c a r b o x y l a t i o n  o f  (5 0 )  i n  
p h o s p h o r ic  a c id  was i s o l a t e d  i n  a  s e p a r a t e  e x p e r im e n t#
^  I t  was a 'h yd rocarb on  .C^H^* b*p* ...144*145°* n | 5 1*4430 , "
w h ic h  was p r o b a b ly  -1 :2 :  4 - t r im e th y l  c y c lo h exene
.* th e  p r e p a r a tio n  o f  t h i s  hydrocarbon h as n ot
h i t h e r t o  b e e n -r e c o r d e d , but v» Auwers (Ann*, 1919 , 4 2 0 , 105)o p 0p r e p a r e d  a  compound h#p* 144*146 , - » £ ! , 4 4 8 2  b y  the
d ehydr a t Ion o f  2 : 4 :5  t rimethyl cyclohexanol* • Ho p r o o f  o f  
i t s  - structure was .given*-';but I t  was assumed to  be ■'■
1 t 4 i  5«*t r im eth y l c y c lo h exene * t M  e r  t h e  c ondi t  i o n s  o f  i t  s'
f o r m a t io n  however* (b y  t h e  a c t i o n  o f  phosphonxs pentoxid© )*  
t h i s  would be likely t o  iso r a e r ise  t o  th e  m ors s t a b le  
1 t2t4 ~ tr im o th y l 'c y c lo h e x e n e *
j
'CH,
HO'
CH
CH,
A ■CHL
CH3
• .Compounds r e la t e d  t o  t h o s e  d i s c u s s e d  above have  
been  shown , t o  be r e a d i ly  d eca rb o x y la t© a « /..For exam p le , 
4»met.hyl ■ e ^ c lo h e x - l^ e n y l-a c e t ic  a c id  d e c a r b o x y l  a t  a s  on 
h e a t in g  t o  g iv e  l^ m eth y l 4*ffl© thylene. c y e lo h exane* ( M f r c to a ld
and Met h ,  B a r# * 1906 , 3 2 ,  2 036)#
f i l l s  hydrocarbon a l s o  r e s u l t s  f ro m  t h e  : 
d e c a r b o x y la t io n  o f  4 -m e th y l  e y e lo h e x y l id e r e  .a c e t ic  - a c id
on d r y  d i s t i l l a t i o n  {W&ll&ch, 1 9 0 9 , 3 6 5 , 255 )*  .
0 H*C0gH CH,
x
T
Oil CH'3
cyliden©  a c e t i c  a c id  a l s o  d e c a r b o x y la te s
i n  p a r t  on s te a m  d i s t i l l a t i o n ,  t h e  product b e in g  1- m e th y le n e  
eyclohex& ne ( i f a l l a e h ,  i b i d * ? *
* T h e * h y d r o ly s i s ;  o f  t h e  l a c t o n e s  (5 0 )  and (5 5 )
D u r in g  d e t e r m i n a t i o n  o f  t l ie .  e q u i v a l e n t s  o f  t h e  
l a c t o n e s  ( 5 0 ) , a n d ' ( 5 5 )* • i t  was fo und  t h a t  f o r  c o m p le te  
h y d r o l y s i s  (5 0 )  r e q u i r e d '  b o i l i n g  u n d e r  r e f lu x .  f o r  2 h o u r s  . 
w i t h  0,511 a l c o h o l i c  p o t a s h ,  w h e re a s  ...(55) 'was c o m p le te ly  
h y d r o ly s e d  a f t e r  . s t a n d in g  w i t h  0*5H a l c o h o l i c ,  p o t a s h  .a t  
room t e m p e r a t u r e . fo r  3 0  m in u te s . -  ■
: In  re v ie w  o f . t h e  r e s u l t s  d i s c u s s e d  a b o v e :-  
Some, o f  . t h e .  p r o d u c t s  o f : t h e  p h o s p h o r ic  acid.. -  
c a t a l y s e d  d e c o m p o s i t io n  o f  p i n o n ie  a c i d  h av e  b e en  i d e n t i f i e d .  
T hese a r e : '  "’1 * 2 :4  ' tr im e th y l'  b en zen e ( i jr -o u m en e ) ,
1 : 2 : 4 - t r i m e t h y l  c y c lo h e x e n e ,  t h e  l a c t o n e  o f  2 - h y d ro x y  
2 : 4 - d i m a t h y l "e y c lo h e x y l  a c e t i c  a c i d , ' and 2 14 -d im e th y lp h e n y l-  
a c e t i c  a c i d ,  ' A'mechanism'’f o r  t h e  f o r m a t io n  o f  t h e s e  
com pounds, i n v o l v i n g  d e h y d r a t i o n ,  d e c a r b o x y l a t i o n ,  and :■ 
t r a n s f e r  o f . h y d ro g e n ,  h a s  b e e n 'p u t ; forw ard , . The m echanism  
is'., su p p o r te d ' by e x p e r i m e n t a l  e v id e n c e  on r a t e s  o f  
d e c a r b o x y l a t i o n  o f  com pounds.,which a r e ,  o r  may b e ,  concerned  
I n  t h e  r e a c t i o n , " a n d  by  a n a lo g y  w ith"a'num ber o f  r e l a t e d  
r e a c t i o n s  c i t e d  from  t h e  l i t e r a t u r e , "
—S3—
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. Ihe rearrangem ent o f  i r a n s - p in o n ie  a c i d  i n t o  
hom oterpenyl m e th y l  k e to n e '  r e q u i r e s  r e l a t i v e l y  s t r o n g  
a c i d - c a t a l y s i s  ( f a b l e  I ,  p* 7)#
■ I n  m o n o c h lo r o a c e t i c  a c id  a t  1 0 0 ° ,  t h e  r e a r r a n g e ­
ment i s  o f  th e  f i r s t  o r d e r  w i t h  r e g a r d  t o  p in o n ie  a c i d  
( F ig 4 ! ) ♦  The fo rm a tio n , o f  h o m o te rp e n y l  m e th y l  k e to n e  v" 
i s  a ccom p an ied  by  t h e ' i s a m e r l s a t i o n .o f  -1 r a n s -  in t o  , 
e l s - p i n o n i e  . a c id  * \ :: Oximes . o f  ( - } -  and ( ± ) - c i s - p in o n io  
a c i d  h a v e  b e en  p r e p a r e d ' f rom  m i x t u r e s ' o f  e l s -  and : 
t r a n s - p i n o n i e  ■ a c i d ■;r e c o v e r e d  - f ro m  t h e ■ r e a c t  i o n - m i x t n r e s  ■ 
c o n t a i n i n g  ( * ) -  and - ( t ) - t r a n s - p i n o n i e ‘ a c id  r e s p e c t i v e l y .  
e i s - H n o n i e  a e id  a l s o  r e a r r a n g e s  t o  hom oterpenyl. m eth y l 
k e t o n e ’.at - s u b s t a n t ia l ly ,  th e :  same - r a t e  a s  d o e s  t h e  
t r a n s - a c ld  t '  ,
O b s e r v a t io n  o f  t h e ' r o t a t o r y  pow er o f  r e a c t i o n - -.ph 
m ix t u r e s  c o n t a i n i n g  ( * ) ~ t  r a n  s - p i n o n i e . a c i d  I s  n o t ' s u i t a b l e  
f o r  a s s e s s i n g  t h e  e x t e n t  o f  k e to la c to n e  form ation *  b e c a u s e  
o f  t h e  i s o m e r i s a t i o r  o f  t h e ; p i n o n i e - a c i d *1 By a n a ly s i s  o f  
r e a c t i o n - m i x t u r e s  w h ic h ,h a d  b e e n  h e a t e d  „:for v a r i o u s  ( le n g th s  
o f  tim e#  - cu rv e s-h a v e - ,  b een  c o n str u c te d  w h ic h 1' show t h e  . ■ 
c h an g e s  ; in c o n c e n t r a t io n .;  o f  ■ t h e  com ponen ts  a s  . i s o m e r l s a t i o n -
-5 4 -
and re a r ra n g e m e n t ' ,  proceed " (F ig#  "4
-- A n i n t r a m o l e c u l a r  m ech an ism ’ i s  p ro p o se d  f o r  t h e  ■ 
v r e a r r a n g e m e n t ‘' ( f i g * -5)* R ea rran g e m en t o f  p r o t o r a t e d  
t r a n a - 1'o r  e i a - p in o n ie  a c i d  r e s u l t s  i n ’ f i s s i o n  o f  t h e  
/  e y c lo lm ta n e  r i n g ,  w i t h " s i m u l t a n e o u s  f o r m a t io n  o f  t h e  
l a c t © r e a r i n g  ■(form ula  3 7 ,  p* 2 2 )*
v- T h e ■fo rm a t  i o n  o f  2 14 -d im e th y lp h e n y la c e t i c :a c i d  - : 
by  t h e  a c t  i o n  o f . b ro m in e  upon  ' p i n o n ie  a c i d a n d  / u p o n ;■ ■
h o m o te rp e n y l  ■ m e th y l  ■ k eto n e . h a s ' b e e n  ••verified*. . /
/ With, p in o n ie  a c id  ,  ' th e  . - i n i t i a l  r e a c t i o n  r e s u l t s  
■ in  t h e ' f o r m a t i o n  ;o f  o ^ - b r o m o ^ p i n o n i o c i d *  T h is  compound 
. h a s  b e en  i s o l a t e d ,  ■ and c h a r a c t e r i s e d  by a n a ly s is  and by  
- i t s  r e d t i c t i o n ' t o  p i n o n ie  ' a c id  and c o n v e r s io n  'i n t o /
,■ 2 t 4 - d im e t h y l p h e r y X a c e t i e " a c i d *
.  ^ ■-.-■■‘She  I n i t i a l ,  p ro d u c t  o f  .b ro m in  a t  i o n  o f  h o m o te rp e n y l
m e th y l  k e to n e  i s .- b e l ie v e d  t o  be  od -b ro m o-hom olerp eny l m e th y l  
. - k e t o n e , - b u t / i t .  h a s  n o t " b e e n  found " p o s s ib le  t o ' i s o l a t e  o r  
, c h a r a c t e r i s e  t h i s  compound*/ ; ;
? ; .v - The b r o m o - k e to la e t  one i s  : p r o b a b ly  a l s o  ’ fo rm ed ■ ; 
by  r e a r r a n g e m e n t  o f  o d -b ro m o -p in o n ie  a c id  u n d e r - c o n d i t i o n s  
o f  s t r o n g  a c i d ^ c a t a l y s i s * - - ' ; .Under s u c h ' c o n d i t i o n s ,  t h e  ■ v- 
b r o m o - k e to la c to n e  t h e n  u n d e rg o e s  e y c l i s & t i o n  w i t h  l o s s  o f
•55-
t h e  e le m e n ts  o f  h y d ro g en  b ro m id e  and w a t e r ,  t o  g ive"  ■:■:■
2 14 -d  ime t  h y l  p h e n y l  a c e t i c  a c id  • M echanism s ' o f  b ro m in a t  io n  
;and o f ' e y e ! i s a t  i o n  / a r e  d i s c u s s e d
; ■ P i n o n i e  a c id  ,1 a r a p i d l y  c o n v e r t e d  i n t o
h o m o te rp e n y l  m e th y l  k e to n e  when h e a t e d  w i t h  p h o s p h o n ic  
a c i d  a t  100°« , F u r t h e r  h e a t i n g  c a u s e s  d e c o m p o s it io n : w i t h  
lo s s ' .o f 'c a r b o n  d io x id e #  ., 2 l i - M m e i h y l  phony l a c e  t i c .  a c id ' I s  
found  among t h e  .p ro d u c ts ,  w h ich  r e p r e s e n t  th e  r e s u l t  o f  a  
com plex  p r o c e s s  o f  h y d ro g e n  t r a n s f e r  a s s o c i a t e d  w i t h  
d e h y d r a t i o n  and d e c a r b o x y l a t i o n  (F ig *  6 )# ,  , .O th e r  compounds 
w h ic h  h a v e  been  i d e n t i f i e d  a s  p r o d u c t s  o f  t h e  r e a c t i o n  a r e  
as. f o l l o w s : -  .. > ■ -
■, 1 : 2 : 4 - T r im e th y l  b en zen e -o u m e n e ) ,  i d e n t i f i e d  by  
fo rm a t  i o n  o f  t h e  t r i n i t r o  d e r i v a t i v e #  ■
..I * 2 s 4 - T r im e th y l  c y c lo h exene* i d e n t i f i e d  by  i t s  
. r e s i s t a n c e  t o  h y d r o g e n a t io n  i n  c o m p a r iso n  w i t h  c y c lo h e x e n e * . 
1- m e th y l  c y c lo h exene* and 1 : 2 - d i m e th y l  c y c lo h e x e n e *
The l a c t o n e  o f  2 -h y d ro x y  2 : 4 - a im e th y 1 e y e lo h e x y l a c e t 1 c  
a c i d ,  i d e n t i f i e d  b y  i t s  o x i d a t i o n  t o  2 : 4 - d i m e t h y l p h e n y l a c e t i e  
a c id *  ■
A s t u d y  o f  t h e  . . r e a c t i o n s  o f  t h e  p r o d u c t s  and o f  
compounds s i m i l a r  t o  t h o s e  l i k e l y  t o  be  p r e s e n t  i n  t h e
■56-
re  a c t  i o n  m ixtu re  t and com p a r i  a on w ith- r e l a t e d  exam ples 
f rom  t h e  l i t e r a t u r e * . h as a f f o r d e d  e v id e n c e  r e l a t i n g  t o  
t h e  p r o b a b le  mechanism o f  t h e  r e a c t i o n #
m m RiMimii m o n o w
f h e  Me chan  i  am o f  t h e  He a r r  ang ament o f  P inem ie  •. 
A cid i n t o  Hom otdpponyl M ethy l K e tone#  -
f h e  F o rm a tio n  o f  2 d ^ M m e th y lp I i e n y l  a c e t i c  A d d  
"" f ro m '■ F ln o n io  - A d d  by  t h e  A c t io n  o f 'B ro m in e #  ■
The  B ios p h o r lc  Ac i d - 0  a t  a l y s  ed , Deo ompos i t  i o n  o f  
f i n o n i c  A cid#
. The Media ft ism  o f  t h e  R e a r r an cem ent o f  P in o n ie  Acid
mima ,im  iww*» iiniH««i I'liini ^ ii n nwi. Tnn ii>h-«»iii»i,ii nntiv  i i > w n im iiaiiii.iMi«ii.* .n irfriiifc r ^ ur iin » m.nii in .*    MBnmwiwimmimrin*   •-
. 1bt o  K om oterpeny l M ethy l K e to n e  ,
R o t a t i o n s  o f  u n d i l u t e d  l i q u i d  compounds a r e  f o r  1 ,  2 * 0 1 
t h o s e  o f  s o l u t i o n s  a r e  f o r  1 * 1 *0 , u n l e s s  o th e r w i s e  s t a t e d .
o(r P in  gme
The p r o p o r t i o n s  o f  o£- end ^ - p i n e n e  i n  sp e c im e n s  o f  
{ - } -  and ( * ) - p i n e r e ,  f ro m  P o r tu g u e s e  and A m erican  t u r p e n t i n e s
r e s p e c t i v e l y ,  w ere  e s t i m a t e d  by  d e t e r m i n a t i o n  o f  t h e  r o t a t o r y
r* hPS / t *  s25 f  *s°5 / f  n25
d i s p e r s i o n s  [< ^ 5 4 6 1 /  l ^ J s s a s  and . M s 4 6 l / N s 7 8 0  and
c o m p a r iso n  o f  t h e s e  v a l u e s  w i t h  t h e  t a b l e s  g i v e n  b y 'F u g u i t t ,  ■
. S t a l l  c u p ,  and Hawkins ( J* Amer* O h e m * S o c *, 19 4 2 , 6 4 , 2 9 7 8 )  * 
A. m ix t u r e  c o n t a i n i n g  9 7 &% o f  and 2*5^  o f ^ - p i n e n e  w a s , ,
t h e n  made w h ic h  had  b*p* 1 5 6 -1 5 8 ° ,  §893 **' 0*54°$ t h i s
m a t e r i a l  w as o x i d i s e d  b y  t h e  m ethod o f  D e le p in e  {B u ll*  Soc* 
Chim* d e  F r a n c e ,  1 9 5 8 , '  [ v ] ,  3 ,  1369 )  e x c e p t  t h a t  c h lo r o f o r m  
was r e p l a c e d  b y  m e th y le n e  c h l o r i d e  a s  e x t r a c t a n t *
P re  pa r a t  i o n  o f  t r a n s  -  f i n  on i  e Acid. ( B ased • on Pe l e r i n e 1 s  ^
* .W >IU M iUllW O < IQI«
Method t l oc * • c i t  ♦)
fiinn ii*nii*rii niiniiin^Tnirti rlinnmr
. Hot a s  s lum  p e rm a n g an a t  e (158  g * )# ammonium sa  1 p h a t  e . 
(33 g t ) ,  w a t e r  (100  m l* ) ,  and c ru s h e d  i c e  (150 0  g * } , w e re  
m ixed i n  a  t h i c k - w a l l e d  v e s s e l  ( W in c h e s te r  qu a rt  b o t t l e ,  o r
1 g a l l o n  earthenw are j a r ) ,  and o 4 -p in e n e ' {0*5 m o le# , 68 g*}
w a s •added* - A f t e r  v i g o r o u s  s h a k in g  f o r  4 h r * ,  t h e  m anganese  
d i o x i d e  w a s ; f i l t e r e d  o f f  a t  t h e  . pump, ■ and w ashed  w i t h  w a t e r  
( 4 • p o r t i o n s  o f  100 m l* } * • h T h e  com bined f i l t r a t e  and w a sh in g s  
w e r e ;m a d e .a lk a lin e  b y  a d d in g  ammonia (10  m l * , . d. 0 * 8 8 0 ) ,  and 
n o n - a a i d i c  s u b s t a n c e s  w ere  e x t r a c t e d  w i t h  m e th y le n e  c h l o r i d e ■ 
(4 p o r t i o n s  o f  50 m l*)* . A f t e r  a c i d i f i c a t i o n  o f  t h e  aq u eo u s  ' 
l i q u i d  w i t h  s u l p h u r i c  a c id  (50  ml* ^ c o n c e n t r a t e d  a c id  d i l u t e d  
w i t h ' 90 m l* -o f  w a t e r ) , ' t h e  o r g a n ic ' a c id s  w e re ;  e x t r a c t e d  w i t h  
m e th y le n e  c h l o r i d e  (5 . p o r t i o n s  o f  50  m l # ) , a n d  t h e  com bined 
e x t r a c t s  w e re  w ashed w i t h  w a t e r .  (4  .p o r t io n s 'o f  50 m l * } , . d r i e d  
( l a g S O ^ ) ,  and t h e  s o l v e n t  removed by d i s t i l l a t i o n *  Crude..- 
p in o n io  a c i d : t h u s  o b t a in e d  (5 0 -6 0  g * ) was r e c r y s t a l U s e d ; fro m  
b en zen e o r  . e th e r *  ;■?
( & ) - f r a r s - P l n o r l c  Acid.
*Hu» » •*
- - - - o6 ~ F in en © ; (748  g*} h a v in g  |pc) §§§3 * 0 * 5 4 ° ,  y i e l d e d
( ± )- t r a n  a - p i n o n i e ■a c i d  (336■g , , - f r o m .b e n z e n e ) m * p* .10 3-104  ,  
w h ic h  on r e c r y s t  a l l l s  a t  i o n : from, h o t  w a t e r  .had m*p* ■ 1 0 5°  •: 
( S e m ic a r b a z o n e , . p r ism s  from  e t h a n o l ,  ®*p* 2 1 7 °  decomp*
R uzicka; and . f o n t a l t l ,  Helv*'-.Chim* A c ta * ,  1 9 2 4 , 7 , '4 9 4 $ .. r e c o r d  
m*p* 2 0 8 ° ) ,  ■
■ Ammonium: j t ) ~t r a n s -p inonate* on.: re a c tio n  w ith  
S-bengyl is o - thiuronium  chloride.* ■ y ielded  S~benzyl ..v 
iso^thinronltim  ; t l  )~ trans^p lnonate* flak e s  from e thano l, ■ ■ 
m#p* 152° decamp* {Pound* S, 9*Q$* ^10%6%®2^: re q u ire s :
S, 9*15/£}* ■’ ■ ■ >. . ■ q .
( ± ) * i p a n s - f i n o n i c  a c i d  ( l * 0Q :g«) was d i s s o l v e d  i n  a  
s o l u t i o n -  o f  p o ta s s iu m  h y d ro g e n  c a r b o n a t e  {0*55 g*) i n  w a t e r  
{2*0 m l* )*  -A s o l u t i o n  -of h y d r o x y l  amine- h y d r o c h l o r i d e  - ■
(0*42 g * ) ' i »  w a t e r  . (1*00 m l* )  w a s -a d d e d ,  and th e - w h o l e  was 
shaken#  The-caclme; s e p a r a t e d - a n d  s  o l i d  i f  f e d }.' i t  was c r u s h e d ,  
f i l t e r e d  o f f ,  w ashed w i t h  w a t e r * ! and- d r i e d  . I n  v a c u o  ,(i% SO^) *... 
I t :(0*S5.- g * ) on r e c r y s t a l l i s a t i o n  f r o m  e t h a n o l ,  y i e l d e d  > p r i s m s  
(6 ,5 5 '  g * ) ,  m #p* ' 1 5 2°  deeomp* ( B a e y e r ,  B e r* ,  .1 8 9 6 ,  2 9 . ..24s -
r e c o r d s  m*p* ISO-}# f h i s  method w as u s e d  f o r  t h e  p r e p a r a t i o n  
o f  a l l  p in o n ie  a e id  ox im es ( D e le p in e ,  l o o * c i t *)*
( * ) - t  r a r e - P i n o n i e  - A cid  ..
(*)<*o6* P in e n e  . (63*0,.g * ) ,  ..b*p* 1 5 4 * 5 - 1 5 6 ° ,  , ..
0*860; ( f ro m  B r e a k  A leppo  t u r p e n t i n e ) .. ■ 
o n :: s i m i l a r  o x i d a t i o n  gave  ( *)«»tran9*» p in o n ie  a c i d  : (17*3 g * ,
o
i s o l a t e d  b y  f r a c t i o n a l "  c r y s t a l l i s a t i o n . f r o m  o th e r ) ;  m*.p* 6 8 - 6 9 ' ,
T o d ] 24  * .9 2 * 4 °  {C, 5*443 i n  CIICI3 ) .  I t s  ox im e, n e e d l e s  f ro m  
^ ^ 5893 .
e t h a n o l - w a t e r  {1 t 4 },. had m* p* 135 *5°,;■, [oC] g-gg^ -  51 # 7°
( 4 ,  5*102 I n  CH013 ) f - : F o und t • C# ..;60*2| ; K, 8#7f I ,  7 * 3 * . - . .  
Oalo* 0 , .  60*31 : H, .8 *6* , 7.05;* ( B e le p in e ,
l o c * e l t . #,'. r e c o r d s  s u p # . 1 28°)*
(±?-Ham ot e r p e n y l ... M ethyl. K e to n e
fh© f o l l o w i n g  p r e p a r a t i o n  i s  b a s e d  on t h e  b r i e f  
d e s c r i p t i o n  g iv e n  b y  B a e y e r  ( l o c * p i t »)» ( A?- t r a n s - P in o n lo
a c i d  ( 6*0 g*} was h e a t e d  w i t h  a q u eo u s  s u l p h u r i c  a c i d  (50$$
60 g#} a t  100°  f o r  3 0  m in« , and t h e  s o l u t i o n  w as p o u red  i n t o  
w a t e r  {150 m l*}# ' The p r o d u c t  was s a l t e d  o u t  w i t h  ammonium 
s u l p h a t e  and e x t r a c t e d  w i t h  C h lo r o f o r m !  t h e  e x t r a c t  was " 
w a sh e d , d r i e d  ( la^B O ^),"  and t h e  s o l v e n t  d i s t i l l e d * '  ' Ih© 
c r y s t a l l i n e  p r o d u c t  ( 5 . 4  g*} y i e l d e d  on r © c r y s t a l l i e a t i o n  
f ro m  t h e  minimum o f  b o i l i n g  e t h e r ,  ( l ) - h o m o t e r p e n y l  m e th y l  ■ 
k e to n e  (3*4  g * } ,  p r i s m s ,  a * p * '6 0 * 5 d * I t s  s e m ie a r b a s o n e ,  
h e x a g o n a l - p l a t e s  f ro m  m e th a n o l ,  had  m*p* 2 0 6 -2 0 7 °  ( 1 * Owen' 
and I*  1* 'S im o n s o n ,• I # ,  1 9 3 2 , 14 2 4 |  - r e c o r d - s u p *  2 0 6 -2 0 7 ° )*  
I t  a 2 t 4 -d  i n  i t  r o p h e n y lh y d re g o n e , o ra n g e  n e e d l e s  f ro m  e t h a n o l ,  
h a d  m*p# 163*5°• {F ound i O, 5 3 * 1 |  H, S*6 r  K, 14*9*:. \ 
0 1 ^ 00^  r e q u i r e s !  C, 52 *7 j H# 5*55* H* 1 5 # 4 ^ )* .  :
He a r ra n g e m e n t  • i n  the- ' A c id ic  "S o lv en ts  o f  Tat)!©' X
( i ) - t r s . r s - I l n o n i o :i a d d  {1*00 g . ) was h e a t e d  a t  ' 100°  
i n  t h e  s o l v e n t , ; an d ';f o r ;t h e  t i m e , a t a t e d  i n  t h e  t a b l e • - ’W a te r  
{100 m l#T  was th e n  added  mud t h e  w h o le ’ was made s l i g h t l y - 
a l k a l i n e  •-( t o  m e th y l  r e d )  w ith -  ammonia, ’ a n d ’ e x t r a c t e d  w i t h - ::-: 
m e th y le n e  c h l o r i d e  ( s u c c e s s iv e -  p o r t i o n s  o f  2 5 ,  2 0 ,  1 5 ,  1 0 ,  ' 
1 0 :m l i ) #  ■ ■ The' e x t r a c t  was washed' w i t h  w a t e r  (2  p o r t i o n s  o f  
25 ' m l* ) - and . d i s t i l l e d  ' ( w a te r  fo rm s an a s s e t  ro p e  w i t h  m e th y le n e  
c h l o r i d e ) #  ' The hornet ©ppenyl m e th y l  k e to n e  was d r i e d  a t  1 00 °
(3 0  m ln# )  o r  i n  v acu o  a t  o r d i n a r y  t e m p e r a tu r e #
" “  ■ b h e o n v a r t e d  p in o n ie  a c i d  was r e c o v e r e d ' f r o m  t h e
e x t r a c t e d  aq u eo u s  s o l u t i o n  by  a c i d i f i c a t i o n  w i t h  h y d r o c h l o r i c  
a c i d  and e x t r a c t i o n  a s  above* ■ T h ese  p r o c e d u r e s  f o r ' t h e  
i s o l a t i o n  o f  t h e - b e t o l a c t o n e  and p i n o n ie  a c i d  w e re  u s e d  i n  
t h e  r a t  e -m e a s u re m e n ts ,  below#
The p r e p a r a t i o n  o f  t h e  S H - d in i t r o p h e n y l h y d r & s o n e  o f  
( f j - h o m o t e r p e n y l  m e th y l  k e to n e  was s t a n d a r d i s e d  a s  f o l l o w s ? -  
t o  a  s o l u t i o n  of. t h e  k e to l a c to n ©  ( 1*00 g#f r e a g e n t s  p r o p o r t i o n a l  
t o  t h e  -a c tu a l  w e ig h t  were, t a k e n )  i n  w a rn  i s o - p r o p a n o l  (15 m l* ) ,  
2 ?4- d in i t ro p h e n y lh y d ra & in @  (1*1 g f ) was added* , The s o l u t i o n  - 
was b o i l e d ,  and. a d d i t i o n  o f  a  few d r o p s  o f  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d  t h e n  p r e c i p i t a t e d  t h e  d e r i v a t i v e ?  f u r t h e r '
i s o g p r o p a n o l  (15 m l* } .w as  ad d ed , and t h e  s u s p e n s io n  was c o o le d
a n d  f i l t e r e d *  , -The. 2 ? ;4 - a in i t r o p h e n y l l iy d r a s o t ie  was w ashed  w i t h
oi s o - p ro  p a n e l  (3 0  ■ml#)*, d r i e d  a t  120 and w eighed*  I t s  m*p*
'and'. m*p#:when1 m ixed w i t h  a  p u re  sp ec im en  w e re  d e te rm in e d *
I n  , a  - c o n t r o l  e x p e r im e n t  {± } -hom ot e r  pe ny  1 m e th y l  k e to n e  (0*50 g . ) 
■gave,0*95 g*,' (9 5 $ ) '  of" t h e '  d e r i v a t i v e * . .
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Hate o f  • Rearrangem ent ■; ( i ) . .
:l o n p o h l 0r o a c e t l o 7a e i d  was f u s e d ,  ..and 0 .0 5  m o l* ’-, o f - '  
c o n o e n t r a t e d  a q u e o u s  sodium  h y d ro x id e  .was . c a u t i o u s l y  ad d ed j  -v 
d i s t i l l a t i o n  t h e n :g a v e . a  m ain  f r a c t i o n  h a v in g  b .  p*
10 1 -1 O 2 ° /2 5  mm.* f h e  l i q u i d  a c i d  was a l lo w e d  t o  s o l i d i f y '  t o  
t h e  e x t e n t  o f  a b o u t ;9 0^  a n d  t h e  ' r e m a in in g  X iq u id  was d r a i n e d  
o f f  and . d i s c a r d e d % t h e  s o l i d  was r e - m e l t e d  and t h e  p r o c e s s  . 
r e p e a t e d *  f h e  a c i d ' s o  p u r i f i e d  had  ©qniv* 94*51 (CHgCl.COgH 
r e q u i r e s  e q u l v .  94*50}# ":
(±}- t r a n s - l ’in o n iQ  a c i d  (X*Q0 g* )  was w e ig h ed  i n t o  
a  IQ ml* g r a d u a t e d ' f l a s k  and d i s s o l v e d  i n  m q n o c h lo r o a c e t i e  
a c i d  a t  80°* fhe,. s o l u t i o n ,  was made u p  t o  t h e  .m ark ,..- the  . 
f l a s k  was s e a l e d . w i t h  a  p o ly th e n e  nap*  and t h e r e a f t e r '  . 
im m ersed I n  a  s i e a m - h a t h  f o r  t h e  t i m e ( s } ; r e c o r d e d  i n  f a b le -X X f  
h o m o te rp e n y l  m e th y l  k e to n e  was t h e n  i s o l a t e d '  a s ' d e s c r i b e d  
above# »
Spec im ens o f  p in o n ie  a c i d  r e c o v e r e d . from  t h e  . 
r a t  e - e x p e r im e n t  s w e re  .com bined , and b y  w a s h in g  w i t h  e t h a n o l  
w e re  s e p a r a t e d  i n t o  ■ ( ± )- 1 r a n s  -  p i n  on i  e a c i d , m*p* 1 0 2 °  u n ch an g ed  
b y  a d m ix tu re  w i t h  an  a u t h e n t i c  sp e c im e n ,  and  a  l i q u i d  m ix tu r e  
o f  t h i s  a c i d  w i t h  t h e  ( i ) - c l s - lsom er*  ' f h i s  m ix t u r e  was . 
c o n v e r t e d  i n t o  - the  m ixed ox lm os , f ro m  w h ic h  b y . f r a c t i o n a l
c r y s t a l l i s a t i o n ' fro m  e t h a n o l ,  t h e r e  was i s o l a t e d  ’ (± )~ c i s - p ln o n ic  
a c id  ox im e , 1 7 1 °  ( D e le p in e ,  l o c » c i t »* r e c o r d s  sup* 1 8 8 ° ) ,
a n d '- a l s o  t h e  more s o l u b l e ’t r a r m - o x im e ,  p r i s m s ,  :m*p# 151°  a lo n e  
and when m ixed w i t h  t h e  sp e c im e n  d e s c r i b e d  a b o v e* .:;:
-IQ.
£
f t  '
m :f t
0
at
o
f t
0
af tp*
»
£
<s>5
ft*
*P
1
£i
0
1
41
"M - 
O
m
&oft ;
%
*o
m
\ \
of t
O
f t
 ^ *50
af t
f t
&
f t
<0
G§
is
f t
•
oo
o
f t
*0f t
<K>
, - O 
f t  
' f t
e>
o
cs
o
o
3
O
a
S3O
8
f t
P.©
©2
0
:bf t
©3
*£fs0
0
f t
8
0
O
ift
o
»
c
0
'13
p-
<p  
13 
0  
O 
; $3 
O 
O
4 |
9H ft I "ft 
O' r*l " !»»«»
O  ■¥
rH!
w
0f t £3O
f t
I
m
ft
i
f t
I
oft »D
ft*H 
0  0  ft at.*—»ft 4* ft
©21 ft 1*0 
- ©Sift 
M O  
**** f t | <$ ■
h . :
I *u o  O ft ft ft 0 ft*mM> Q
'' I .ft  
■ « l | f t  - 
f t i f t  
o
HI
SftO
f t
f t  ft 
H O  
-. ■ ft f t  0 0
:<*'-> ft : 
H © ftw f t  £>
O ,d  
B f t0  0
4*
0
ft
f t
0ft
f t
If tr  ■ C**
*
ft
,d
f t  03 I S  10 ISm o> to o  60
10 f t  tO CG 0*Q ft ft f t ft
*  *  *  *  *o  o  o  a  o
<0
«0
IS
to♦o
.10
f t
too
8  05
S*
O  . CO O O ; •. ft 
O  • O  - . f t
O -'O' Q / Q
0>
is-
02
to
o
f t
*
f t  ■ f t  .. .to  
•  •  #
Is CO "S0
to
to
02
f t
to
.*
f t
02
#-
f t
CO
# .
t“"4
-■—*«
*
HI
CO . *
CO
«0
2S
to*
Is
to
*
to
%
co
03<►-
f t
#■
0 2 .
IS
*
S3
a-
*
so
f t«
Is
Is
*
f t
03 f t f t to
ft 03 ' 02 tO to
O  ' •
to
Is
o
to ■ *
H
o  ■ #
02
a
C3
to
to
Hist ft 02 t0 ft 10 02
—II*--
Bat e  o f  He a r r a n g e ment ( i i )  -
mtm+m i     wbiiiWti i* r iBKiminiiiw ■«w>v*rj.r».Ml»»-w»M mm i ■ ■wimii . . .
- . -Five ■'dot©.poiaat loins t!- ( T a b l e l t X ) . o f  t h e  / c o n v e r s io n  ': , 
o f  (+ ) - t  ran s - p i n e n i c  'a c id  i n t o  ( * ) -homat e rpeny1 m e th y l - le s t  on©, 
w i t h  r e c o v e r y  o f  u n c o n v e r t e d  p in o n ie  a c i d ,  w e r e ■c a r r i e d ,  o u t  
by. th e  method 'd e sc r ib e d  f o r  t h e  { t} -k e t© l& e to r© * ;; ' ,
The ■ s p e c i f i c .r o t a t i o n  : i n  OHOl^); o f  t h e  ■
r e c o v e r e d  .• p i n o n ie  a c id '  was - d e te rm in e d  t** , ...‘
' ■ T a b le  i l l
R e a c t io n - t im e ,  hr* 1 ■ w 1 ■ 2 3 7
M  5093 6 6 .7 ° 5 7 . 4 ° 4 7 .0 ° 4 3 .4 ° 3 9 . 7 °
t  " ; ' : 2 2 °  ' 0 2 ° 2 1 °
ooCM 2 2 °
The sp e c im e n s  o f  ( * j - k e io l& c to n e '  i s o l a t e d  d u r i n g
t h e s e  r a t© - e x p e r im e n t s  w ere  combined (1*60 g * } , . ’d i s s o l v e d  In
h o t  w a t e r  CEO m l # ) ,  t r e a t e d  w i t h  c h a r c o a l  t o  rem ove m e th y l
red ., e x t r a c t e d  w i t h  m e th y le n e  c h l o r i d e ,  and t w ic e  r e  c r y s t a l l i s e d
f ro m  e t h e r - l i g h t  petroleum (b.p* 4 0 - 6 0 ° ) ;  . t h e  ( * ) -homote r penyl
m e th y l  ke ton©  form ed prisms (0*57  g * 5 , m*p. 4 8 -4 7  ,  h a v in g
r^ A15'5 * 5 9 . 6 °  ( e ,  5 .0 1 3  in  :C 331~ ),
LPW 5893 : “  - ,J:
■ ■' The sp e c im e n s  o f  s e m i - s o l i d  p in o n ie  .acid r e c o v e r e d  
fro m  t h e  above rat© -experim ents w ere  pressed on f i l t e r  p a p e r ,
■ w h ich 'w as t hen- e x t r a c t e d  w i t h  m e th y le n e  c h l o r i d e *  T h e ' e x t r a c t  
. y i e l d e d  a  l i q u i d  a c id  (2*16 g * J -w h ic h  wa s ■c o n v e r t e d  i n t o  I t s  
oxime (1*72 g * ) f  ; a f t e r  e x t r a c t i o n  w i t h ' b o i l i n g  e t h e r  t h e r e  
rem a in e d  a ; p r o d u c t  f 0 • 69; g «I m* p * 1950 $ w h lch  by r e p e a te d  
r e c r y s t a l l i s a t i o n  ; from' h o t  e t h a n o l  y i e l d e d  {«*} * £ i s - p i n o n ic  - 
a c i d ' oxime* p r ism s*  m*p# 1 9 9 * 5 ^ 2 0 0 ° ,  h a ir in g  £©C} eo©« ~ 34*3 °
0u«?0
( h  ^  0 /  0*437 I n  e t h e r ) * (F o und! 0 , ,.60#5j H , ; 8 * 7 / - ::.-
H* 7 e 2 / 0 » ; ' F o r  t  M s - o x im e , / 'D e le  p in e  ( lo e *  c i t * )  r e c o r d s
m*p* 192 °  and ** 2 9 . 5 °  ( i n  e t h e r ) *
(»? -I-fomot e ppe n y l  M ethy l K.e t  one t .. Mnt a r o t  a t  i  on o f  8 o l u t  1 on a 
o f  P in o n ie  A cid  in  M o n o c h lo r o a c e t ic  Acid
A s o l u t i o n  o f  ( + ) » t ra n s « »pfticralc a c i d  ' . ( i ' ) # ( i i ) # 
1*000 g # |  ( i i i ) # ( I t ),. 1*750 g* i n  .m o n o c h lo ro a c e t ic  a c id  
u p  t o  10 ml* a t  8 0 ° )  was p la c e d  i n  a  1 dm# s e a l e d
©nd~plat© Ja ck e ted  p e l a n i m a t o r  tube , m a in t a in e d  at ■ 1 0 0 °  b y  
s te a m  p a s s i n g  f r e e l y  t h r o u g h  t h e  J a c k e t*  The r o t a t o r y  
pow er o f  t h e  s o l u t i o n  was d e te rm in e d  a t  i n t e r v a l s |  t h e  
f i r s t  r e a d i n g  was made w i t h i n  5 min* o f  t h e  p r e p a r a t i o n  o f  
t h e ' s o l u t i o n  (T a b le  IV .)#
The l i q u i d  m ix t u r e  o f  ( * ) ~ t ra n s « » and {"O- c l . s - p in o n ie  
a c i d s  (6*3 g * ) r e c o v e r e d  from  t h e s e  p o la r im e t r ic  e x p e r im e n t s  
was h e a t e d  w i t h  t h r i c e  i t s  volume o f . p h o s p h o r i c  a c id  (d 1*72)
for* 1 0  min* a t  100°*. The' p r o d u c t  ( 5 .9 5  g* )# i s o l a t e d  a s  
d e s c r i b e d  ■ f o r  t h e  ■ {&3~ k e i© la c to n e *  ‘ w a s . r e  c r y s t a l l i s e d  ■ from  
e t h e r ' and : y i e l d e d  ( ^ ) - l i o m o t e r p e n y l 1 m e th y l  'k e to n e  (3*5 g*) 
h a v in g  in .p . 4 6 . 5 ° ,  [©C] | g 9 3  +  5 8 . 6 °  ( c ,  5 ,2 7 1  ■ in. C H C l / ,
M . 5 8 9 3  + 4 5 ,5 °  5 ,6 1 2  ' i n  CHgClCOgff), and [oC] + 4 5 .8 °
X o , ; ID .COO i n . OHgOlC OgHj' t h e  r o t a t i o n  was u n ch an ged  a f t e r  
4 h r*  a t  1 0 0 ° )  * • :. I t  g a v e ' a  % i  4 -d  i n  i t  r o  pheny lhyd  r a z  one * • o ra n g e  
n e e d l e s  f rom  e th a n o l*  m*p*;1 8 8 * 5 ° . (  Found t € * 5 3 * 0 }  : E*; 5*7 ; 
I,.. IS .538) f
B o t h ,B a r b i e r  and G -r ig n a rd ' ( l o c » o i i > 3 and. D e le p ln e  
and Badoche (Oompb* r e n d * .  - 1 9 5 2 . 2 5 5 /  106 9 )  r e c o r d  m»p* 4 7 °  
f o r . (♦ J - 'h o m o te rp e n y l  m e th y l ' k e to n e *
14-
- ^ • b l a  . XV - : . ,
The M n ta ro ta t io B S  o f  S o l u t l on s  o f . ( D - t r sme - P l n o n i c  A eia  
In ' I fo n o o M o ro a c e t io .  A cid  a t  lOQ^* ■
Time {min*) 0 V 5 10 20 ■ 30 40
(oil100•?*JS893 (1) 5 .4 6  . 5*18 ■ 4 .92  .; 4 .5 0 ,4 .1 0 ^ 3 .8 7
to il100Pv'5893 ,- . , ( 1 1 ) , ,5*53 , . 5*24,, 4*09 , 4 .54 ; 4 .1 8 -.3.90 :
f^lO O  
 ^ >5803
U  100
^  5893
; { i l l )  
(lv>
..■9*34 , 
,9*55.;.
8 .85
9*07
, $ .39; . 
8*67
7 .69  f 
7 .90
' 6 .8 8  
7 .33
■ 6 .65  
6 .82  '
'Time' : (m in#) ' 60 "■ 80. lo o  - 120 " .140 ' 150 '
nJjlQO
*05893 CD ; 3*46 ;^■ 3*18 "3 .0 2  ' 2 .9 4 ; 2*89; 2.89- '
Q 100w 5893
t « 3 ‘
{ I D
U i D '
” 3*44 
'5*92 "
3 .2 1
'■" 5*41 '"
’ 3*04. ' : 
; 5 .1 0  "
 ^2 .9 2  ‘
' 4 . 8 7  "
; '8 . 8 7 ::’
4 .7 7
2 *87 
4 .7 3
WY1O0
^ 5 8 9 3 Civ} 6*05 5 .5 2  i 5 .1 8 ■ 4*93 ' ■ 4 .7 8 '" ' 4 . 7 i ;  "
Time ,• {min*3 ISO .:195 ' 210 ,  230 , ' 240 '
^ 5 8 9 3
r i | i 0 0  
^ 5 8 9 3
y i o °
^ 5 8 9 3
r s a o o
^ 0 8 9 3
(D
(1 1 )
{ u i ) ;
( i v )
2*89 
2 .8 7  
' 4*73 ; 
4 .7 1
. 4i* r 
.« *  
4 .6 7  
4*65
2 .9 1  
: 2*80
. 4 .63
I
m *
,4 * 6 7 ;
, 4 . 6 9
■. *s*
4 . 6 7  
_ 4«69.\-
S o l u t i o n  a ( D - C i v )  a re . '- d e s c r ib e d  In  t h e  t e x t *
-1 5 -
Th© Format io n  o f  2 $4 - D im e th y lP h e n y la c e t i e  A cid  
. f r o m F in o n ic  Ac id  b y  t h e  A c t i on o f  Bromine - -
».... , » »■• nm» i<«i ■■■;n'»— ■»■ i mu     Din n <V » — ■— .» 11.» i i . i«  n i iii.pi.uwli n... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . . . . . . . . . . . . . . . . . ... ....
g t 4 - P i m e t h y l p h e n y l a c e t i c  a c i d  ( 1 )
( ± ) - t p a n a - f t n o n i e  a c id  <18*4 g ,}  was su sp en d e d  I n  
h y d r o c h l o r i c  a c i d  {30 m l* ,  d 1 * 1 8 ) ,  and bromin© (16*5 g . )  was 
added i n  on© p o r t i o n #  The f l a s k  w as sh ak en  v i g o r o u s l y  and 
t h e  te m p e ra tu r©  r o s e  t o  4 7 °  i n  10 M in * , - w i th  d i s a p p e a r a n c e  o f  
p in o n ie  a c i d  and b rom ine*  ’
The c l e a r  l i q u i d  w a s • h e a t e d  i n  a" stea m -b a t h  f o r  4 h r * ,  
c o o l e d ,  d i l u t e d  w i t h  w a t e r  (70  m l* ) ,  and  t h e  r e s i n o u s  p ro d u c t  
t a k e n  u p  i n  m e th y le n e  c h l o r i d e  (3 0  ml*}* T h is  s o l u t i o n  was 
com bined w i t h  m e th y le n e  c h lo r id ©  e x t r a c t s  o f  t h e  a q u e o u s  
l i q u i d  ( s u c c e s s i v e  p o r t i o n s  o f  2 5 ,  2 0 ,  1 5 , 1 0 ,  10 m l* ) ,  washed-* 
w i t h  w a t e r ,  t h e n  w i t h  e x c e s s  o f  d i l u t e  aqueou s  ammonia, and 
a g a in  w i t h  w a te r*  On d i s t i l l a t i o n  o f  t h e  s o l v e n t ,  a  n e u t r a l  
brown o i l  (1*1 g f )  rem ained*
The aramonl&eal and secon d  aqueous  w a s h in g s  w e re  
com bined , a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d ,  and e x t r a c t e d  
w i t h  m e th y le n e  c h l o r i d e  (3  p o r t i o n s  o f  SO-ml*)* ■ A f t e r  . 
w a sh in g  o f  t h e  combined e x t r a c t s  w i t h  w a t e r ,  t h e  s o l v e n t  was 
removed by d i s t i l l a t i o n *  G rade 2 f 4 - a i m e t h y l p h e r y l a e e i i c  a c i d  
re m a in e d  a s  a  c h o c o l a t e - c o l o u r e d  s o l i d  (16*6 g * )* .  I t  was
b o i l e d . i r i t h ,  o j e l o h e z a n e  .C90 ml*} and f i l t e r e d *  . The f i l t r a t e  ' 
was b o i l e d  f o r  30  min* w i t h  a c t i v a t e d  c h a r c o a l*  and a g a i n ' ' 
f l i t e p e d *■' ■ I m p u r e 2 :4 ~ d im e th y lp h e n y la c e t  i c " a c i d  ( 1 0 .0  g *) ,  
m*p. 1 0 0 -1 0 1 ° ,  s e p a r a t e d  a s  a  g r a n u l a r  pow der on c o o l in g *  
A t te m p ts  t o  r a i s e  t h e  m*p* o f  t h e  p r o d u c t  b y  
r e c r y s t a l l i s a t l o n  w ere  u n s u c c e s s f u l ,  owing t o  t h e  p r e s e n c e  
o f  a  p e r s i s t e n t  I m p u r i t y  I n  t h e  fo rm  o f  a  s p a r i n g l y  s o l u b l e  
s u b s t a n c e ,  & s m a l l  q u a n t i t y  o f  w h ic h  was s e p a r a t e d  b y  
f r a c t i o n a l  c r y s t a l l i s a t i o n *  I t  w as a w h ite -p o w d e r , m .p.  
2 0 2 - 2 0 3 ° ,  ' w h ic h  l i b e r a t e d  c a rb o n  d i o x id e  f ro m  a  s a t u r a t e d  
s o l u t i o n  o f  sod ium  b i c a r b o n a t e *  T e s t s  f o r  n i t r o g e n  and 
h a lo g e n s  w ere  n e g a t i v e f  t h e  s u b s t a n c e  d id  n o t  s u b l im e  a t  
1 0 Q ° /0 .0 1  trnu
The v a r i o u s  f r a c t i o n s  o f  p a r t i a l l y  p u r i f i e d  
2 i 4 - d i m e t h y l p h e n y l a c e t l c  a c id  w are  com bined ( 1 0 * 4 -g*) and 
su b l im e d  a t  1 0 G ° /0 ,0 1  mm* ( 8 . 5  h r * ) *  The s u b l i m a t e  (9*5 g*) 
had m*p* 104°*
The r e s i d u e  ( 0 ,6  g , } ,  m*p* 1 7 0 ° ,  was e x t r a c t e d  w i t h  
b o i l i n g  cycl.ohexan® . (25 m l* ) ,  c o o le d ,  f i l t e r e d  o f f  and 
r e c r y s t a l l i s e d  f ro m  e t h a n o l - w a t e r  ( 1 ? 2 )  t o  g iv e  a  p r o d u c t  , 
w i t h  ®*p* 1 96 °  (0*3 g f )* A second  r e c r y s t a l l i s a t i o n  f ro m  
e t h a n o l - w a t e r  (1 $ 1 )  gave  a  w h ite  pow der (0 * 1 7  g * ) ,  m.p* 2 0 7 -2 0 8 °
-1 7 -
Three f u r t h e r  r e ery s t a l  1 1  s s i  i ons ./from .aqueous e t h a n o l ' gave  
a  w h ite  pow dep.B .p , 2 1 0 - 2 1 0 .5 °  (Founds C, 7 2 .9 5 }  H, 6 .6 5 ^ ;  
e q u l v , ,  1 6 4 ,7 }  B ( R a s t ) ,  ( i )  2 8 8 ,  ( i i )  2 7 8 ) .
2 ;4 -D lm e th y lp I ie n ? lf te e t ie  Aeid ( i l )
' Bromination of pinonie ac id  and ' decomposition^ of 
th e 'a c id ic  so lu tio n  were .carried out ex ac tly  as described 
above# : l e u t r a l ' p rod u cts  (1*3- g*) and ac id ic  products {15*3 g*}
o f  the  d eco m p o sit io n  were se p a r a te d  by the same method as before* 
By'” s u b l im a t io n  o f  the crude . acid a t 1 0 0 °/® *01 mm* (5 h r* },
2 li-d lm ethy lpheny lacetic  acid (10*8- g*)#. m*p* 101° was 
obtained* '■ A fter, one re  c r y s ta l l i s a t io n  from cycloliexane ■ 
(IQQ'mlv)# the  acid  (10*0 g*) had m*p* 104°* :
, The n o n -s u b l lm a b le ■r e s id u e  was bo iled  w ith  .. 
chloroform- (50 m l# ) , - c o o le d * '  and an in so lub le  -powder was : 
f i l t e r e d  o ff  (0*90 g*}*. / A fte r removal of th e  so lven t from 
th e  f i l t r a t e  by d i s t i l l a t io n *  a dark brown gum (2 .4  g,} 
remained* -The in so lub le  powder was r e c ry s ta l l is e d  tw ic e ■ 
from aqueous ethanol* g i v in g  a pale brown' powder (0,55 g*3 
having m,p* 209-210°* ■ B epeated  r e c r y s t a l l i s a t i o n  and .
b o ilin g  w ith' ac tiv a ted  charcoal did not remove th e  brown ; 
co lour, which was elim inated  by d isso lv in g  the  acid - {.0*47 g#)
i n : a c e to n e  (3 5  .ml*}, - and. p a s s i n g  t h e  s o l u t i o n  t h r o u g h  a • 
s h o r t  column. (3* ••x-.'J*) o f  f r e s h l y  hea ted : a c t i v a t e d : c h a r c o a l*  
t h e ' column b e in g  . f i n a l l y ; w a s h e d t h r o u g h  w i f h ,more ■ a c e to n e  . . 
{100 m l«3 * - The ; c o m b in e d . e f f l u e n t  - was e v a p o r a t  ed * g i v i n g
a  w h i t e  s o l i d  . (0*47  g * } #-  w h ic h  was p e o r y s t a l l l s e d  . t h r e e  
tim es.-from; a c e to n e . ..(10 m l* 3*. .. T h e - a c id  s o  p u r i f i e d  was a ' 
w h i t e . c r y s t a l l i n e  s u b s ta n c e *  ■ h a v in g  m,p* 2 1 4 ° , (F o u n d i .
0*‘; 72*951. H| . 6*90^1 / M (H a s t  )*.: 3 0 9 ) , . :
2 1l - P i m e t h y l p h e n y l a c e 1 1c ' a c i d ■ ( i i  1 )  f r e p a r a t i on b a s e d
dww.miii **w—i ii1*!! n* m m  ' mmt imam riiiwan i*innB*irnit«a>»tur i>i-tf*riiTit»»*)ii^i*nrriiri*«i^iMPwr*tirTtriir»i*r>rr'n*friM^niiiiiiii|ij«i>ii*>8riiiiji
on H a p isp e * s  m ethod . ( lo c *  c l t , ) ,';..
( ± )~ t p a n s - P in o n ie  a c i d  ' (1 8 * 4  g* 3 i n  t h e  fo rm  o f  
a': c r y s t a l l i n e  pow der, was su sp e n d e d  i n  h y d r o c h l o r i c  a c id  
(29  m l* , j3 1*18)* and b ro m in e ' (5*3 m l# ) w as added  in  one 
p o r t i o n .  On v ig o r o u s  s h a k in g  o f  t h e  f l a s k *  t h e  t e m p e r a t u r e  
r o s e  t o  4 3 °  In  1 0 'min• * 'w i t h  d isa p p ea ra n ce  o f  p i n o n ie  a c id  
and b ro m in e .
The c l e a r  l i q u i d ,  was h e a te d " in  a  s te a m  b a t h  f o r  
4 h r , *  c o o l e d ,  and f i l t e r e d  a t  the", .pump { s in te r e d '  g l a s s  
f i l t e r ) ,  . A f t e r  b e in g  w ashed  w i t h  c o n c e n t r a t e d ,  h y d r o c h l o r i c  
a c i d * . t h e  s o l i d . w a s  added t o  m e th a n o l  (15 a l , ) j  t h e  l i q u i d  
w as t h e n  s a t u r a t e d  w i t h  h y d ro g e n  c h l o r i d e *  and b o i l e d . u n d e r
r e f l u x  f o r  5 0  min* , / The m ix tu r e /w a s  l e f t  o v e rn ig h t*  t h e n  ■ 
again-: s a t u r a t e d  • w i t h  - h y d r o g e n c h l o r i d e *  b o i l e d  - f o r  1 . h r * ,  -: '■
. a n d ' d i l u t  e d , w i t h  w al e r  (100 ' m l«} *,; '■ E x t r a c t  i o n  w i t h  m e th y le n e  
c h l o r i d e ,  f o l lo w e d  b y  w a s h in g  w i t h  w a te r , ,  d r y i n g ; (l& gSO^), 
rem o v a l  o f  s o l v e n t ,  a n d -d i s t i l l a t i o n *  gave  m e th y l  - 
2 s 4 - d i m e t h y l p h e n y l a c e t a t e  (1 0  g * ) , b , p ,  1 7 4 -1 7 8 ° /9 S  mm*' . 
f a r t  o f  t h e  p ro d u c t  ( 6 , 0  g , ) was l e f t  i n  c o n t a c t  w i t h  
a n h y d ro u s  p o ta s s iu m  c a r b o n a t e ,  ■- and t h e n  r e d l s t i l l e d j  ‘ t h e  : - 
m ain  f r a c t i o n  was c o l l e c t e d  a t ' 1 2 4 -1 2 0 ° /1 3  mm* - ='
' H y d r o ly s i s  o f  t h e  e s t e r /
Po t a s  s lu m /h y d ro x id e  (2*0  g * ) , '  w a t e r  (2 0  m l , )*  
e t h a n o l  ' ( 5 , 0  m l , ) * ; a n d ' t h e  r e m a i n i n g ■ Impure e s t e r  ; ( 5 , 0  g * )  
w e re  b o i l e d  t o g e t h e r  u n d e r  r e f l u x - f o r  -1 h r .  A f t e r  c o o l i n g  v 
and a c i d i f i c a t i o n ,  • r e o r y s t a l i i s a t i o u  o f  t h e  c r u d e . p r o d u c t ■' 
f rom  h o t  w a t e r  y ie ld e d  2 i .4 - d im e t h y l p h e n y l a c e t i c  a c id  ( 4 , 1  g*) 
I n  t h e  fo rm  o f - h a i r - l i k e  n e e d l e s  m,p* 1 0 5 * 5 ° * ,  7
■"/ S -B e n sy l  .1 s o - t h i u r o n lu m  s a l t ,  c o l o u r l e s s  p l a t e s  
f ro m  w a t e r ,  m,p* 1 6 4 ,5 °  (Founds 3 ,  9 * 4 5 $ , % B % 2 02H2 a
r e q u i r e s *  3 ,  9 * 7 $ ) , . .
B ro m o -P in o n ic  - Acid ■ ^ *■ ,
- ( ± )„ t r a n s - f i n o n ic  a c id  (19 *0  g ,  3 -was added  t o  a  ■ 
m ix tu r e  o f  b ro m in e  (16*5 g , 3 and h y d r o c h l o r i c  a c id  (50  m l#,
<3-1*18), I n  a  f l a s k .  (1 0 0  m l# }'w h ich  was sh a k e n  and c o o le d  
p e r io d ic a l ly ' u n d e r  t h e . t a p , . s o  t h a t  t h e  t e m p e r a t u r e  d id  .no t  ■ 
r i s e  above 30°* ■ f r a c t i o n  was -'complete a f t e r  10 s i n , , - '  and •
th e .  c l e a r  s o l u t i o n :  w a s : t h e n  p o u red  on ' t o ; i c e  ■ (150  g . ) ,  . and ' ~- 
t h e  f l a s k ' w a s ' r i n s e d  w i t h  h y d r o c h l o r i c : a c i d  (10' m l , , .  <| 1 , 1 8 ) ,  - 
"•■•"""The' aqueous - l i q u i d  was . d e c a n t e d , . and t h e  h e a v y ,  ' 
w h i t e ,  ■v i s c o u s v o i l  w a s ;t a k e n ■ u p ' i n  'm e th y le n e  c h l o r i d e '  (5 0  m l* );  
t h e  s o lu t io n ,  was w a s h e d - f iv e " t i m e s  w i t h  w a t e r  (1 0 0  m l ,  p o r t i o n s ) ,  
d r i e d ■ and t h e  s o l v e n t  e v a p o r a t e d  a t  . r e d u c e d  p r e ssu re *
A s e m i - s o l i d  r e s i d u e  (2 0 ,5  g , )  was o b t a i n e d  w h ich  was f i l t e r e d '  
a t  th e '  pump, t o  y i e l d  s t i c k y  . w h i t e , c y r s t a l s  ' ( 5 ,8 5  ■ g , ) ♦ ■ A f t e r  
t h r e e  r e e r y s t a l l i g a t i o n s  f rom  c y c lo h ex an e . (200  m l , ) ,  t h e :  ' 
p roduct- ' (2*85 g , )  had g u p ,  1 1 4 * 5 -1 1 5 ° ,  : ' f a r t  -of t h i s  ' ( 0 ,8 5  . / g , ) : 
was t h r i c e  - r e c r y s t a l l i s e d  • from  e y e lo h e x a n e  • (80  'm l,  ) and . y i e l d e d  - 
b ro m o -p in o n ie  a c i d  ( 0 ,7 4  g , ) , ; m*p, 1 1 8 ,5 - 1 1 7 °  (Founds C , ■45,9 ; - • 
H, 5 . 6 5 ;  B r ,  3 0 ,2 5 $ ;  e q u i v , , - 2 5 8 ,  C ^ S ^ O . j B r  r e q u i r e s !  - 
0 ,:  4 5 , 8 5 ; .  H, '5 * 7 5 ;  ; B r , : 30*35$; e q u i v . ,  2 6 3 ) ,  ■ ■
d e d u c t io n  o f  B ro m o -P in o n ie  A cid  t o  P in o n ie  Acid
The h ro m o * ac id  ( 0 ,2 5  g * ,  m ,p ,  1 1 4 * 5 -1 1 5 ° )  was added
as a f i n e  pow der'to  h y d r o c h lo r ic 'a c id  (SO m l , ,  d 1 , 1 3 ) ,  and
t h e  s u s p e n s io n  was s t i r r e d  v i g o r o u s l y  u n t i l  a  c l e a r  s o l u t i o n  
was o b t a i n e d .  S t i r r i n g  was c o n t in u e d  w h i l e  B ine  d u s t  ( 0 ,7 0  g , )
was jadded in.' sm all-  p o r t i o n s #  - ■ As . t h e  .m e ta l  d I s  s o lv e d  v e r y  " 
r a p i d l y ,  i t ' w i s  th o u g h t  t h a t  r e d u c t i o n  m ig h t  n o t  be  e f f i c i e n t ;  
a c c o r d i n g l y ,  t h e  s o l u t i o n  "was ‘d i l u t e d  w i t h  w a t e r  1 5 0  ml *5 and 
m ore  . B i n e 'd u s t  (0*70  g*) was .-added t o - t h e  c l e a r  s o l u t i o n  w i t h  
. s t i r r i n g * ' - '  The m e t a l - d i s s o l v e d  s lo w ly ,  and a f t e r  c o n t i n u a t i o n  
o f  t h e  s t i r r i n g -  f o r  5 - h r* " th e .  m ix tu r e  was l e f t ;  o v e rn ig h t* . '  .
Uhd I s  s o lv e d  s i n e ,  and a - s m a l l  amount.-of i n s o l u b l e  
o i l y  mat © r i a l  ■ w e re  f  i l t  e re d  • o f f ,  an d  t h e  - f  l i t  r a t  e . was , e x t  p act ed 
w i t h  m e th y le n e  - c h l o r i d e  ( s u c c e s s i v e  p o r t i o n s  . o f  15 , 1 0 ,  1 0 ,  5 ,
5 m l# )*  The com bined e x t r a c t  w a s  w ashed once, w i t h  water'
(10  m l* ) a n d : t h e n  sh a k e n  w i t h  d i l u t e  . aq ueou s  ammonia . (10  m l* ) * 
A f t e r  w a s h in g  o f .  t h e  m e th y le n e  c h l o r i d e  w i t h  water,' . .s o lv e n t  . 
was removed b y  d i s t i l l a t i o n *  Impure ; ( f j - h o m o t e r p e n y l  m e th y l ,  
k e to n e  rem a in e d  a s  a  lo w -m e lt in g  s o l i d  {0*02 g * J* .  ■ T h is  was ■ 
c o n v e r t e d  e n t i r e l y  i n t o  t h e  g f i - d i n i i r o p h e n y l h y d r a B o n e  (0*035 g* 
w hich had m*p. 153-155°$- ■ a f t e r  one r © c r y s t a l l i s a t i o n  fro m  
e t h a n o l  I t  had  m * p * 1 6 2 °  and m*p* 163°, when m ixed w i t h  an :- 
a u t h e n t i c  sp e c im e n * :
■ - The am m oniacal e x t r a c t  m e n t io n e d  above  was added  
t o  t h e  a q u eo u s  w a sh in g s  from  t h e  f o l l o w i n g  o p e r a t i o n ,  and 
a c i d i f i e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c id #  A f t e r  e x t r a c t i o n  
w i t h  m e th y le n e  c h l o r i d e  (5 p o r t i o n s  o f  5 m l* ) ,  t h e  combined'
e x t r a c t s  w e re  washed w i t h  w a t e r  and t h e  - s o l v e n t  was removed 
b y  d i s t i l l a t i o n * . ■ A ,v is c o u s . : l iq u id : ; : r e m a in e d  {0*05 g * H  
w h ic h  was t r e a t e d  w i t h / p o t a s s i u m  h y d ro g e n  ■ c a r b o n a t e  (0*05 g*> 
d i s s o l v e d  - i n  the.■minimum o f c o l d ,  w a te r *  •■ A. s o l u t i o n  o f  
h y d r o ^ la m i n s . .  h y d r o c h l o r i d e .  {0*05 g * ) i n  t h e  minimum o f  w a t e r  
was t h e n  a d d ed , and t h e  -'whole w a s . s h a k e n ;  t h e  s u s p e n s i o n ; o f  
o i l y  d r o p l e t s  was a l l o w e d : t o  s ta n d #  :- A f t e r  24 h r # ,  / t h e : ;- 
s e m i - s o l i d  p ro d u c t  was f i l t e r e d  o f f  a t  t h e  pump-and p r e s s e d  
o n - p o ro u s  p l a t e #  T h is  ;g a v e . a - .w h ite  •.c r y s t a l l i n e  . pow der ,
(10  mg*):m#p* 1 4 6 -1 4 7 °#  , A f t e r  one r e e r y s t a l l i g a t i o n  f ro m  
a m ix tu r e  o f  e t h y l  . ' a c e t a t e  and carbon-, t e t r a c h l o r i d e ,"  t h e  
d e r i v a t i v e  had  m#p* 1 4 8 -1 4 9 ° ,  :'an<3 sup* 1 4 9 -1 5 0 °  when m ixed . 
w i t h  an a u t h e n t i c  • spec im en  o f  . (± ) -  t  r  a n s -  p in  on i  c . a c id  o x im e :. . 
h a v in g  m*p# 153°* i v.:.
B e a rran g e m en t  o f  B ro m o -F in o n ic  A cid  t o ' .2 t4 -D im ethy lp henyla .cet.lo  
A c id *
P r e p a r a t i o n  o f  h y d r o c h lo r i e - h y d r o h r o m io .  a c i d  m ix t u r e  
■ ' f r y  h y d ro g e n  c h l o r i d e  (17*5 g * )  w as p a s s e d  i n t o  an 
i c e - c o o l e d  m ix t u r e  o f  h y d r o c h l o r i c  a c i d  (55*5 m l# ,  d 1*18)
and hydrobrom le-  a c id  (34*5 m l* ,  d 1*48 ; f r e e  f ro m  B r ^ ) .  ■
More .h yd roch lor ic  a c i d  (13*4 m l#) and h y d ro b ro m le  a c i d  (8*3 m l*)
w ere  a d d e d ,  and t h e  * mixed ■' was s t o r e d  l a  a t  I g h t l y  ■
s t o p p e r e d  ; b ro w n : g l a s s  b o t t l e * "  :
^ a r r a n g e m e n t . ; o f  t h e  ! b ro m o -a c id  ;
■--i--.; B ro m o -p in o n ie . a c i d  (0*50  /g * ) :w a s :- p l a c e d  ; i n  a ;  s m a l l  ■ 
f l a s k -  (5... ml *) and -w m ixed , a c i d 1* .: (2 m l* ) added f r o m  a  p i p e t t e *  ■' 
The m i x t u r e ,  on b e in g :  h e a t e d  u n d e r  r e f l u x  on a  s te a m  b a t h ,  
e v o lv e d  soma a c i d i c  fum es , - and- a  - c l e a r  'yellow '' s o l u t i o n  was 
o b ta in e d  a f t e r  a b o u t  5 m in * 1 ■ . A f t e r  30. m in*,'. a  p a le ,  brown ,.... 
o i l - b e g a n - t o -  s e p a r a t e  w i t h  slow  e v o l u t i o n  o f  . a c i d i c . f u m e s * - 
At ..the *©nd . o f  4 h r * ,  ■ t h e ; f l a s k  w a s . removed from  t h e  s t e a m . , -  
b a t h , ' an d ,  . o n : c o o l i n g ,   ^ t h e  ' o i l  s o l i d i f i e d  * , ■ W ate r  ; (3 m l* ) 
was a d d ed , t h e  - f l a s k  was c h i l l e d  i n  - I c e - w a t e r ,  : and - th e  .p r o d u c t  
f i l t e r e d " o f f  a t : t h e  pum p,-w ashed  w i t h - i c e - c o l d  w a t e r  (10  m l* ) ,  
and d r i e d  i n  -vacuo (BUSO^) * a pal© brown c r y s t a l l i n e  s o l i d  " 
(0*30  g * ) &«p* .98-100°.- was - o b ta in e d *  .
... S u b l im a t io n  a t  10O°/-0f 1 mm* (1  h r * ) - gave  - , 
2 ? 4 - d im e th y lp h © n y la o e t i e  a c i d  (Q*25 g * ) . h a v i n g  m * p * 103 °  and 
1 0 4 °  when, m ixed w i t h  an. a u t h e n t i c  sp ec im en*  , - The r e s i d u e  - . ■ 
(0*04 g* ) was a  c l e a r  brown gum w h ic h  d l s s  c lv ed  c o m p l e t e ly  
In  c o ld - c h lo r o f o r m *  :
A ttem pt t o  I s o l a t e  t h e  B re m o -a c id  W ith o u t  K e ep in g  . t h e ' :
R e a c t i on  T e m p e ra tu re  Below 5 0 °
• (£ )  ~ t  r  an s -  P in  on 1 c a c i d  {18*4 g# )  was su sp en d ed  i n  
h y d r o c h l o r i c  a c i d  " {30-m l* ,  <3 1 * 1 8 ) ,  and b ro m in e  (16*0 g*) 
was added- I n  .one p o r t i o n #  On v ig o ro u s ." 'S h ak in g  o f  t h e  f l a s k ,  
t h e  t  e m p e r a tu r e  ’ r o s e t o  40°-;. i n  .1 0  m in * - w i t h  d i s a p p e a r a n c e '. o f  
p in o n io  a c i d ■and b rom ine#
■ . f  h e  p r o d u c t  o f  b rom in  a t  io n  (24*3 :g * } was. i s o l a t e d
a s  ' d e s c r i b e d  above# " XI  w as a  p a l e  : y e l lo w  s y r u p  w h ic h  was 
n o t  a f f e c t e d  by  s t o r a g e ' i n  t h e ' r e f r i g e r a t o r  f o r  24  h r*  - 'A f t e r  
b e in g '  s e e d e d  -w i th  s o l i d  - h ro ao ~ p in o n io -  a c i d ,  and s t o r e d  i n  t h e  
r e f r i g e r a t o r  f o r  7  w e e k s , . t h e  se m l '* so l id  o b ta in e d  was f i l t e r e d  
a t  room t e m p e r a t u r e  a t  t h e  pump*- . The f i l t r a t e  (17#5 g # ) was 
a  c l e a r ,  p a l e  brown s y r u p ,  1#5089*. The r e s i d u e  (5*1 g * )  
was a  s t i c k y  s e m i ^ s o l i d p  i t  was t h r i c e  r e c r y s t a l l i s e d  from  
c y e lo h a x a n e ,  d r a i n e d  on f i l t e r  p a p e r ,  - and  r e  c r y s t a l l i s e d  .; 
t h r e e  more t im e s  from  c y o lo h e x a n s % - ( ± 5 * t r a n s ^ p i n o n i e  a c i d  
( 0 . 5  g . )  m .p .  1 0 5 -1 0 8 °  was o b t a i n e d ^ '  t h e  m*p* was u nch an g ed  
b y  a d m ix tu re  w i t h  an a u t h e n t i c  sp ec im en  o f  t h e ■a c id *
gome o f  t h e  v i s c o u s -  f i l t r a t e  {0*5 g * ) from  t h e  
b r o m in a t io n  p ro d u c t  was h e a t e d  w i t l i  *m ixed a c i d 11 (2 ml*} a s  
d e s c r i b e d  above f o r  t h e  c o n v e r s io n  o f  b ro m o ^ p in o n ic  a c i d
I n t o  2 t4 M ^ m e th y lp h © n y le © e ile / 'a c Id # -  •• ■ Be compos i t i o n  p ro c e e d e d  
e x a c t ly - . .a s  ’.d e s c r ib e d  f  on 'the.- b r o m o ^ a o id # e x c e p t  t h a t - t h e  o i l  
s e p a r a t i n g  w a s ; .o f■ a  d a rk  brown- c o l o u r ; and ; .d id ' n o t  c r y s t a l l i s e  
on c o o l i n g , b u t - s o l i d i f i e d  t o  a-= d a r k '  b row n, b r i t t l e :r e s i n * ; 2  
The . r e a c t i o n ,  p r o d u c t  :{0 .25  }g* }' .was ■. s e p a r a t e d  a s ;■ b e f o r e * ■ -: ;O n ; ' 
s u b l i m a t i o n  a t  • 1 0 0 ° /0 * 2 o  mm*; (75 $ i n . } # w h i t e  - c r y s t a l s  ' o f ' 
2 t4 * d im e th y lp h a n y l& e e t ie  .:aoid . -{0*11 g*} w ere  . - .o b ta in ed ,: w i t h  - 
m*p*' 101°* ■ The.  r e s i d u e  .'{0*14 g* J w a a  - a  d a r k  ’brown- r e s i n  , ; '
which- was t r e a t e d  w ith , c h lo r o fo r m  (3  m l* ) and / t h e  - i n s o l u b l e  
d l e a r b o x y l i e - a c id  (0*013 g * } ^ f i l t e r e d o f f , ; and w ashed  w i t h
a . l i t t l e  c b l o r o f o r m p . i t  had  ®*p* 201*2Q8°* :
2 t4 ~ M m e th y l  p h e n y l  a c e t i c  A cid  from  F o m o te r r e n y l  M eth y l K e to n e  
( i J ^ H o m o te rp e n y l  m e th y l  k e to n e  ( 1 8 .4  g*) was 
d i s s o l v e d  i n  h y d r o c h l o r i c  a c i d  (30  m l* ) ,  and  b ro m in e  (16*0  g * )  
was added i n  one p o r t i o n *  On s h a k in g  t h e  f l a s k ,  t h e  b ro m in e  
d i s a p p e a r e d  a t  o n c e ,  and t h e  t e m p e r a t u r e  r o s e  s h a r p l y  t o  5 0 ° ,  
w i t h  s l i g h t  e v o l u t i o n  o f  a c i d i c  fumes# The' c l e a r  y e l lo w  
l i q u i d  w a s ’c o o le d  under t h e  t a p  and d iv id e d  "into tw o  e q u a l  
p o r t io n s  {34 .2  g* e a c h )*  One p o r t i o n  ( a )  was h e a t e d  on  a  
s te a m  b a t h  f o r  4 h r*  f o r  d e c o m p o s it io n  t o  2 t 4 - d i m e t h y l p h en y l-  
a c e t i c  a c id *  The o t h e r  p o r t i o n  (b )  was pou red  o n t o  i c e  f o r  
i s o l a t i o n  o f  t h e  In term ed ia te* '
( a )  - . D u r i n g ' t h e  d e c o m p o s i t i o n , & brown o i l  s e p a r a t e d ,
w h ic h  s o l i d i f i e d "  on c o o l i n g ,  . and was t a k e n  u p  :i n  .m ethylene  
c h l o r i d e  (90 ' m l* ) # S e p a r a t i o n  o f  t h e  a c i d i c  ..p r o d u c t s  ;o f ;  ■: 
t h e  d e c o m p o s i t io n  from  t h e  n e u t r a l ,  p r o d u c t s  was c a r r i e d ,  o u t  
b y  .am m oniaeal . e x t r a c t io n , ,  a s  d e s c r i b e d  above* ..: The n e u t r a l  
p ro d u c t -  ( 0 * 7 5 'g» J w a s :a  sw eet, s m e l l i n g  brown o i l ,  • s i m i l a r : - 
t o  t h a t  o b t a in e d  i n  .the  p r e p a r a t i o n - o f  2 * 4 - d im e th y lp h © n y la e e t ic  
a c id  f ro m  - p l n o n ie  a c id *  The; a c i d i c  p r o d u c t  .was a  brow n; s o l i d  
(7*8- g * ) w h ich ' was, su b lim e d  a t  IO 0% 0*1  mm* . (6  h r * ) ,  " g iv in g  
.2 H * d im e th y lp h © n y la c e t iC ' a c id  ;{4*7 g ,5  su p *  1 0 4 ° |  - a f t e r .  • 
r e - c r y s t a l l i s a t i o n  from  c y c lo h ex ane  ■ (75 m l* ) i t  (3*9 g . )  had 
m#p*. 105*5%  ' : Jk n o n ^ s u b l im a b le  r e s i d u e  (8 * 30  g * ). was a l s o  
o b t a i n e d . 1 t h i s  w a s , t a k a n  u p  I n  m e t h y l e n e : c h l o r i d e ,  f i l t e r e d ,
and t h e : r e s i d u e  w a s h e d . w i t h  t h e  - same s o l v e n t  (3 0  m l* ) * On 
d r y i n g ,  t h i s  m a t e r i a l  w as found  t o  be- t h e  d i c a r b o x y l i c  a c id  
a l s o  o b t a in e d  I n  t h e  p r e p a r a t i o n  o f  2 s 4 ~ d l m e t h y lp h e n y l a c e t i c  
a c id  from  p in o n I o  a c l d j  i t  (0*25 g*} had m.p* 2 0 3 ~ 2 0 5 °#
On’ rem o v a l  o f  m e th y le n e ,  c h l o r i d e  from  t h e  f i l t r a t e  and 
w a s h in g s ,  t h e r e  rem a in ed  a  d a rk  brown gam (2*90  g* )*
M  The brom in& ted  h o m o te rp e n y l  m e th y l  k e to n e  I s o l a t e d
b y  p o u r in g  t h e  a c i d i c  s o l u t i o n  on t o  i c e  a f t e r  t h e  i n i t i a l  
r e a c t i o n ,  was t a k e n  u p  In  m e th y le n e  c h l o r i d e ,  w ashed  f i v e
i  lines w I th  w at e p ,  d r i e d  {N&g3 0 ^ ) ,  and - t h e  so I v e n t .'. removed
at.: r e d u c e d  p r e s s u r e *  ■ k  c l e a r ,  p a le  - y e l lo w  ; s y r u p  rem a in ed
’ ’25 ■ !(1 2 *7  g * ) ;  - r ^  ; 1*4984 , w h ic h  showed - no t e n d e n c y  t o  c r y s t a l l i s e
a f t e r  s t o r a g e ’ i n  t h e  r e f r i g e r a t o r  f o r  4 weeks*
. & p o r t  io n  - o f ' t  he brom o-c  ompound (0*5 g *) was
d i s s o l v e d  I n  t h e  wmixed . acid*1 (2 m l* )  a t  room t e m p e r a t u r e ,
and t h e  s o l u t i o n  'was h e a t e d  on a  s te a m  b a t h  f o r  4  h r*  ■
S e p a ra t io n -  o f  t h e  r e a c t i o n  p r o d u c t  - ( 0 * 2 8 - g * ) . was c a r r i e d  o u t
a s - d e s c r i b e d  ab o v e .-  . S u b l im a t io n  a t  l0 O ° /0 ,2 5  mm* (7 5 'm in * )
y i e l d e d  2 14 - d im e th y l  p h e n y l  a e e t  I  c a c id  (0*19 g * )  h a v in g .m .p *  1 0 0°
The n o n -su b l i ra a b l©  r e s i d u e .  ( 0 , 0 7  g * ) was t a k e n  u p  I n  .co ld
c h lo r o f o r m ,  f i l t e r e d ,  and th e .  r e s i d u e  w ashed w i t h  t h e  same
s o l v e n t*  ; O n .d r y in g ,  it- {5 mg*) ’had m .p*  2 0 2 -2 0 3 ° ;  ■ i t  w as
t h e  d i c a r h o x y l i c  a c i d  p r e v i o u s l y  o b s e rv e d #  > -.
The R e a rran g e m en t  o f  ( f ) - t r a n s - ? i n o n i c  Acid t o  H orneteppenyl
iTbill*
M ethy l K e to n e  u n d e r  Pon d I t  i ons S i m i l a r  t o  t h o s e  Employed In  
th e ,  B ro m ln a t io n  of. P in  on 1c A cid
( ± ) - t r a n s - f i n o n i o  a c i d  ( 3 . 0  g . )  was su sp e n d e d  i n  
th e^ fa lx ed  a c id *  (3*0 m l* ) ,  and t h e  s u s p e n s i o n  w as s t i r r e d  
v i g o r o u s l y  i n  a  t e s t - t u b e  w h ic h  w as immersed i n  a  s t i r r e d  
o i l  b a t h  a t  4 8 °  ( t h e r m o s t a t ) *  A f t e r  10 m ln * , t h e  c l e a r ’, 
s o l u t i o n  was p o u red  i n t o  w a t e r  (100  m l* ) ,  and ammonia
-28'
(10  m l* , d -0*880) was added* . v ’H oaoterpenyl .m ethyl k e to n e  
was t h e n  e x tr a c t e d  w i t h  m eth ylen e  c h l o r i d e  ( s u c c e s s i v e  p o r t i o n s  
. o f  215, 2 0 ,  1 5 , : 1 0 ,  IQ m l* ) ,  t h e  e x t r a c t s  were w ashed w i t h  
w a t e r  and s o l v e n t  w a s - 'r e m o v e d 'b y 'd is t i l la t io n ;  0*78 g* was 
o b t a i n e d ,  i*e*. 2B% c o n v e r s io n *
■' A f t e r  a c i d i f i c a t i o n  o f  the a l k a l i n e  l i q u i d  w it h '  
h y d r o c h l o r i c  a c i d  (10  ml** d  1 * 1 8 ) ,  and e x t r a c t i o n  w i t h  
m e th y le n e  c h lo r i d e *  a s  b e f o r e ,  p in o n lc  a c i d  w a s .o b t a i n e d  
(1*88 ;g * ,  i* e*  6 3 $ /rec o v e ry } *
The P h o s p h o r ic  Ac id  -C a t  a 1 v s  ed D e c o m p o s i t io n  
o f  P in o n io  A cid  .
B e co m p o s it1 on . o f  F i s o n i c . Ac id  i n  P h o s p h o r ic  Acid S o l n t i o n  
( i ) - t r a n s w H B o n i c  a c i d  (80  g * ) ,  and p h o s p h o r ic  
a c i d  (200  g * ,  <3 1 * 7 4 ) ,  w e re  m ixed i n  a  ro u n d -h o t to m e d  f l a s k  
(1 1 * ) ,  t o  w h ic h  was f i t t e d  a  C l a t s e n - t y p e  d i s t i l l a t i o n  h e a d ,  
and d o u b l e - s u r f a c e  c o n d e n se r#  A th e rm o m e te r  w as a l s o  f i t t e d ,  
w i t h  i t s  b u l b  imm ersed i n  t h e  r e a c t i o n  m ix tu re *  The f l a s k
was th e n  immersed i n  an o i l  b a t h  w h ic h  had b e en  p r e v i o u s l y
o ■ ■h e a t e d  t o  180 *
As t h e  t e m p e r a t u r e  r o s e ,  t h e ' p in o n lc  a c i d  d i s s o l v e d  
t o  g i v e , a  c l e a r  s o l u t i o n ,  and a f t e r  10 m i n t ,  a t  1 5 0 ° ,  
d e c o m p o s i t io n  commenced, w i t h  s t e a d y  e v o l u t i o n  o f  c a rb o n  : 
d i o x i d e  and s e p a r a t i o n  o f  an o i l y  u p p e r  l a y e r * . The
' O 't e m p e r a t u r e  o f  t h e  o i l  b a t h  was m a in ta in e d  a t  175 ,  and t h e  
d e c o m p o s i t io n  c o n t in u e d  d u r i n g  1 0 -m in * , w h i l e  t h e  t e m p e r a t u r e
Q
o f  t h e  r e a c t i o n  m ix tu r e  r o s e  t o  16Q and a  m ix tu r e  o f  
c o l o u r l e s s  o i l - a n d  w a t e r  d i s t i l l e d *  .H e a t in g  w a s ’ t h e n  
d i s c o n t i n u e d ,  b u t  t h e  o i l  b a t h  was n o t  . removed* The 
i n t e r n a l  t e m p e r a t u r e ’ r o s e  t o  1 6 5 °  d u r i n g  5 m in * , w i t h  o n ly  
s l i g h t '  e v o l u t i o n  o f  c a rb o n  d io x id e *  On c o o l i n g  t o  room
t e m p e r a t u r e , ' t h e  r e a c t  io n  m ix tu r e  was d i l u t e d  w i t h  w a t e r  
(150  m l* ) and steam  d i s t i l l e d *  The s te a m  d i s t i l l a t e  was 
c o l l e c t e d  t o g e t h e r  w i t h  t h e  d i s t i l l a t e  o b t a in e d  d u r i n g  t h e  
d e c o m p o s i t i o n , . t h e  l i g h t . o i l  b e in g  s e p a r a t e d  c o n t i n u o u s l y  ' 
by  means o f  a" s ip h o n *  ■ The aqueous f r a c t i o n  (4  1*) was 
c o l l e c t e d  i n  s u c c e s s i v e  p o r t i o n s  .o f 1 1 * . ,  e a c h  o f  w h ic h  
was e x t r a c t e d  w i t h  .m ethylene c h l o r i d e  - ( s u c c e s s i v e  p o r t io n s  
o f  .30 , ■ 2 5 ,  2 0 , .  1 5 , v 10  ml* }* The e x t r a c t s  w e re  com bined 
and t h e  s o l v e n t  w as removed .by d i s t i l l a t i o n ; -  - a  p a l e  y e l lo w  
o i l  rem a in ed  (7*5 g * )*  -:
The y e l lo w  o i l  w h ich  was c o l l e c t e d  d u r i n g  t h e  
s te a m  d i s t i l l a t i o n ,  was t a k e n  u p  i n  m e th y le n e  c h l o r i d e ,  
s e p a r a t e d  from  w a t e r ,  mad m ost o f  -t h e  s o l v e n t  w as • d i s t i l l s  d 
o f f  on t h e  s te a m  b a t h * - /
. / - .A fte r  c o o l i n g ,  th e - a q u e o u s  p h o s p h o r ic  ac id -w as .  
d e c a n te d  f ro m  t h e  r e a c t i o n  f l a s k ,  l e a v i n g  a  c l e a r ,  s o f t ,  . 
brown r e s i n ,  .which'w as-w ashed w e l l  w i t h  w a t e r ,  - d r a i n e d ,  
and w e i g h e d ■(31*0 g* )* / / The aqueous a c i d  was e x t r a c t e d  
w i t h  m e th y le n e  c h l o r i d e  ( s u c c e s s i v e  *p o r t i o n s  o f  2 5 ,  2 0 ,  1 5 ,  
1 0 ,  ID m l * ) , - a n d ,  a f t e r  t h e  combined e x t r a c t s  had  b een  - 
w ashed w i t h  w a t e r ,  t h e  s o l v e n t  was d i s t i l l e d ,  l e a v i n g  a  p a le  
brown c r y s t a l l i n e  s o l i d - (0*40  g*}*
E x t r a c t  -from t h e  aqueous ' d i s t i l l a t e  : "b 
". The p a l e  y e l l o w  o i l - w a s  t a k e n  u p  I n 'm e t h y l e n e  
c h l o r i d e ,  (25 m l * l  and e x t r a c t e d  w i t h '  sod ium  c a r b o n a te *  / 
A c i d i f i c a t i o n  o f  t h e '  a l k a l i n e  e x t r a c t  w i t h  d i l u t e  
s u l p h u r i c  a c i d  y i e l d e d  im p u re -2 t i ^ d i m e i h y l  p h e n y l  a c e t i c  - 
a c i d , ' w h i t e '  n e e d l e s  (1*5 g * ) m*p-* -9 8 ° * ' .
A f t e r  b e in g  washed w i t h  w a t e r , ' - t h e  m e th y le n e  
c h l o r i d e  s o l u t i o n ,  c o n t a i n i n g  r o n - a c i d i c ' s u b s t a n c e s ,  was- 
d i s t i l l e d *  - ' -A p a l e  y e l lo w  o i l ' r e m a i n e d  (5*9 g*)*  T h is  
was d i s s o l v e d  I n . ' 0 * 5 1 - e t h a n o l i c  p o ta s s iu m  h y d r o x id e  (75 m l*) 
and t h e  s o l u t i o n  was - b o i l e d  u n d e r  r e f  l u x ' f o r  2 h r # ; ’- A f t e r  
d l l u t  i o n ' w i t h  - w a t e r  ... (100  ml * ) , '  n o n - s a p o n l f  i a b l e  s u b s t  a n c e s  ; -• 
w ere  - e x t r a c t e d  w i t h  m e th y le n e ' c h l o r i d e  - { s u c c e s s i v e  p o r t i o n s  
o f  2 5 ,  2 0 , ' 1 5 ,  -1 0 , .  10. m l* ) , . ; t h e  com bined e x t r a c t s  w ere  ; 
w ashed w i t h  w a t e r ,  and t h e  ■ s o l v e n t  w as removed by  d i s t i l l a t i o n *  
The r e s i d u e "(0*1 g * ) was n o t  e x a m in e d ' f u r t h e r *  - The a l k a l i n e  
l i q u i d  c o n t a i n i n g  t h e  s a p o n i f i a b l e  s u b s t a n c e s ,  w as a c i d i f i e d  
w i t h  s u l p h u r i c  a c i d ,  and e x t r a c t e d  w i t h  m e t h y l e n e - c h l o r i d e  ' - 
( s u c c e s s i v e  p o r t i o n s " 'o f  2 5 ,  ■- 8 0 ,  1 5 | ' 1 0 ,  10 m l* }« ' The -: 
c o m b in e d ' e x t r a c t s  w e re  w ashed  w i th ,  w a t e r  a n d ,  a f t e r  re m o v a l  
o f  t h e  s o l v e n t '  b y  d i s t i l l a t i o n , : t h e r e  rem a in ed  a ' p a l© ■r e d -  
b r o w n 'o i l  ( 5 * 6 .g * )*  : •.
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■■ o i l  o b ta in e d  duffi n g "t h e  s t e am d i s t i l l a t i o n
» n - . in . ,I .i. . . n. . . » .'.w .ffln.   UK. . » I»| I » tf in .  Hill »nili|i i i ■», .1 iw im, , |i„ ..ii.i» i.ii ii r l f . i i .m mm,.i
v  The- p a le  y e l lo w  ' o i l  (24*4 g * ,  n o t  " 'com ple te ly  ;; 
t r m  f r o m .s o l v e n t  5 was t a k e n  up- '1b  m e th y le n e  c h l o r i d e '  {50 in i* )  
and e x t r a c t e d  w i t h  sod ium  c a r b o n a te #  'A c i d i f i c a t i o n  o f  t h e  
a l k a l i n e ,  e x t r a c t  . .y ie ld e d  a  s m a l l  q u a n t i t y  o f  ■.p a s t y :s o l i d  .• - 
{0*3 g * ) w h ic h  w as ■ n o t  • e x am in ed  . f a r t h e r *  •,.
The m e th y le n e  c h l o r i d e  s o l u t i o n  was w ashed w i t h  
w a t e r ,  and. t h e  s o l v e n t  was t h e n  removed b y  d i s t i l l a t i o n '  
t h r o u g h  ;a  s h o r t  column packed  i r i t h  f e n s k e  h e l i c e s *  ., The ■ 
r e s i d u e  {21 *1 • g * ) .was d i s t i l l e d  f ro m  .an o i l .  b a t h  t h r o u g h  ‘ 
t h e  same columns", a - p a l e  y e l lo w  d i s t i l l a t e ’ b#p* 145-160°.:
{13 *3 g « ) ,  and a .M g h - b o i l i n g  r e s i d u e  {7*6 g * ) w e re  o b t a in e d  * 
The d i s t i l l a t e  ifas .s t o r e d  . o v e r  m e t a l l i c  .sodium f o r . 12 h r # ,  
and t h e n  d i s t i l l e d  f ro m  s o d i u m , : t h e  same a p p a r a t u s  a s  b e f o r e  
b e in g  u sed *  f h e  e n t i r e  d i s t i l l a t e  b#p* 1 5 0 -1 7 0 °  {11#8 g* )  
was c o l l e c t e d !  ., I t  w as a  . c o l o u r l e s s  - o i l  nj|^  , 1 *4780 , w h ich  on , 
n i t r a t i o n  b y  t h e  method d e s c r i b e d  below  y i e l d e d  23/^ o f  
t  r i n i t  r o  4 “* eumene, m*p* 184°  a f t e r  one r e  c r y s  t a l l  i s  a t  i o n  from  
e t h a n o l $ ■ the. m*p* o f  t h i s ,  d e r i v a t i v e  when m ixed w i t h  an , 
a u t h e n t i c  sp e c im e n  w as 1 8 5 -1 8 6 °*
The h i g h - b o i l i n g  - r e s id u e , ,  r e f e r r e d  t o  a b o v e ,  was. 
d i s  s  o lv e d  i n  0> 5W e t  h a n o l i c  p o t  a s  s ium  hyd r o x i d  a {50 ml * ) ,  and
t h e  s o l u t i o n  was b o i l e d ; u n d e r -  r e f lu x . . - f o r  2 h r .  ' - A f t e r  
d i l u t i o n  w i t h  w a t e r  {100 m l* } , t h e ,n o n - s a p o n l f i a h l e :; ' ■
s u b s t a n c e s  w e r e . e x t r a c t e d  w i t h  m e th y le n e  . c h l o r i d e  ■ ( s u c c e s s i v e  
p o r t i o n s  o f  3 0 , ‘2 3 , : .2 0 .m l* } ,  t h e  c o m b in e d ' 'e x t r a c t s ,  w ere  ■ 
washed w i t h ‘w a t e r  and t h e  s o l v e n t  -was1 removed b j ! d i s t i l l a t i o n ,  
l e a v i n g  a  ..daxfe .y e l lo w ,  v i s c o u s  o i l  ' {3*3 g*)*  ■-
- A q u e o u s 'w ash in g s .:a n d  t h e  a l k a l i n e  e x t r a c t  ? /e re  
com bined , and w ashed, w i t h  m e th y len e ;  ch lo r id e* -  . A f t e r . :- 
a e l d l f i o a t i o n  w i t h  d i l u t e  s u l p h u r i c  a c i d ,  t h e  - l i q u i d  w as - 
e x t r a c t e d  w i t h  m e th y le n e  - c h l o r i d e  - { s u c c e s s iv e  : p o r t i o n s  - o f  - 
25^ .2 0 ,  -15,. 1 0 ,  ■ 10 - m l* ) !  . t h e  e x t r a c t :w as .w ash e d  w i t h - w a t e r ,  
a n d - t h e - s o l v e n t  removed b y  d i s t i l l a t i o n f - r . -  ' A p a le  re d -b ro w n  , 
o i l  r em a in e d  (1*3 -g*)* ■ !: T h i s  w as com bined  w i t h  t h e  
s a p o n i f i a b l e  m a t e r i a l  o b ta in e d ,  f ro m  t h e . aq u eo u s  f r a c t i o n " o f  ■ 
t h e  s te a m  d i s t i l l a t e  (5*6 g * ) ,  a n d - d i s t i l l e d  a t  r e d u c e d  
p r e s s u r e * - ' \ .  The m ain  f r a c t i o n  - (3*4  -g* ) ,  : b*p*. 9 3 -9 7 ° /0 * 3 5  . mm*,
l a c t o n e  - o f  -2 -h y d ro x y  2.|4»di.mat h y le y c lo * *. -
h e x y l a c e t i c  - a c i d * A n a l y t i c a l  d a t a , ■ t h e  p h y s i c a l  p r o p e r t i e s  
-of t h e  p u re  c o m p o u n d ,; and d e t a i l s  o f  - i t s  I d e n t i f i c a t i o n  a r e  
g iv e n  below*" - -■
V  The r e  a i n  ' rem a in  i  ng  a f t  e r  a t e  a.m d i  s t  i l l  a t  i  on-.
The r e s i n  w as t a k e n  tip  i n  m eth ylen e  c h l o r i d e .
. (5 0  m l* } ,  t h e  s o l u t i o n  was w a s h e d w e l l : w i t h  w a t e r ,  "'and t h e  '
. s  o l v e n t g e n t  l y  • b o i l e d  o f f  in- t h e  * s u b l im a t  io n  ■ a p p a r a t u s  % ; ■ t h e
oremaining"; s o l v e n t  was rem oved a t  100 ' a t  . t h e  w a te r  -pump* " 
a f t e r  w h ich  t h e  p r e s s u r e  was r e d u c e d  t o -0*2 mm* ( a t  t h e  
r o t a r y  pum p)-and t h e  r e s i n  k e p t - a t  1 0 0 °  f o r  6 h r#  A 
m i x t u r e ' o f  w h it e  c r y s t a l s  -and ' s t i c k y  :gum .sub lim ed* v The 
su b lim a te  was t a k e n  u p  i n  m e th y le n e  c h l o r i d e  (.25 ml*} and 
e x t r a c t e d  w i t h ' d i l u t e  'aqueous "sddium!carbonate*  " On a c i d ­
i f i c a t i o n  o f  t h e  a l k a l i n e  - e x t r a c t  - w ith -  d i l u t e  h y d r o c h l o r i c '  ■, 
a c i d ,  8? 4 - d im e th y l  p h e n y l  ace  t i c ' a s  i d : was . '.ob tained  (0*80 g« ) 
m*p * r 1 0 1 -1 0 2 ° • ' '  - . K e u t r a l  m a t e r ia l  f rom  t h e  ' s u b l i m a t e was '- 
o b t a i n e d  by  d i s t i l l i n g '  t h e  s o l v e n t !  " a ! p a l e  y e l l o w  gum (1*0  g* 
rem ained*  :
- -TJhsublimable r e s i n  rem ain ing  ■ i n t h e a p p a r a t u s  was. , 
.taken-up- i n  m eth y len e  c h l o r i d e  ,(50 .ml*}! most .o f  t h e  s o l v e n t  
w a s , t h a n  d i s t i l l e d  o f f*  t h e  r e s t  b e in g  removed a t  1 0 0 °  a t  
th e  w a te r -p u m p * : " A " s o f t ,  -brown, c l e a r  r e s i n . (23*9 g * ) :■ 
r e m a in e d * - v
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v. The p ro d u c t  - e x t r a c t e d . f r o m ;  t h e ' r e s i d u a l  aqueous 
h:rv .. p h o s p h o r ic  ~ a c id  •'■■-:
. T ha p a l e  brown' c r y s t a l  l i n e  so  l i d  '{0*40 g , ) was- :
t a k e n  u p  i n  m ethylene-. c h l o r i d e .  {10. ml*}- and' - s e p a r a t e d / i n t o -
n e u t p a l  (0*1 g*}  ^and. a c id ic ^ . |0 * ^  g # } : com ponen ts  by---'-
e x t r a c t i o n  w i t h  aq u eo u s  s o d iu m - .c a rb o n a te * ■■' ' The n e u t r a l  r'.,^
m ate  r i a l  |  a  h r  own gum* was n o t  exam ined fu r th e r .* ; ,  f  he.;.
a c i d i c  component was 2 14 - d im e th y l  p h e n y l a c e t i c  a c i d , : m,p* -
1 0 1 ° .  -
■ ■ 2 f 4 - B i m e th T l u l i e n j l a c e t i c  -ac id  ■
: The t h r e e  .sp ec im en s-o f  t h i s  a c id  i s o l a t e d . a b o v e - ■ ■
( t o t a l s  2 * 4 ;g * ) w e re  combined and r e c r y s t a l l i s e d ■from  h o t .■
e v o lo h s x a n e |  the-, a e l d  w as o b ta in e d  ; a s  f l u f f y  w h i t e  n e e d l e s
(1 ,8 5 ;  g # ) m f p , ' 1 0 3 °  a lo n e - a n d  = 1 0 4 °  when m ixed w i t h  an -
a u t h e n t i c  sp ec im en  hav ing - m*p.* 105°* k  second, c r o p  (0*12 g* ) 
o
m*p*-XQI-102 was o b ta in e d  on c o n c e n t r a t i o n  o f  t h e  m o th e r -  • 
l i q u o r *  1 . :v :. "; >.:>'■ .}: . : : ;
h  m ixture-, o f  . (& )- t r a n s ~ p i n o a i c  a c id  m*p* 1 0 5 -1 0 5 * 5 ° .  
( 0 ,1 2  g * } and 2 t 4 - d i m e t h y l p h o n y l a e a i i e  a c i d  m ,p* . 1 0 5 - 1 0 5 ,5 °  
(Q.X2 g . )  had  m ,p ,  7 7 - 8 0 ° ,  :
D eco m p o sit io n . ' .o f  f i n o n i c  A cid  i n  P h o s p h o r ic  A cid  S o l u t i o n  
(Tli© m ethod "describe# - ' above  w as- .d ev e lo p ed  from  t h e  f o l l o w i n g  
p ro c e d u re } *  "
■ f ± ) ~ t r a n s ^ f i r o n i c  -ac id  m*p#., 1 0 3 *5-*10i° {80 g* ) ,  
and p h o s p h o r i c : a c id  '!{200 g * # £ 1 * 7 8 } ,  w e re  h e a t e d  t o g e t h e r  
on 'a "St earn'bath f o r  30  min* . The f l a s k  was t h e n ' f i t t e d  f o r  
d i s t i l l a t i o n ,  ;and t h e  t e m p e r a t u r e  o f  t h e  c o n t e n t s  wad r a i s e d  
t o  1 5 0 ° # ■i\ v-;,.fhls':t e m p e r a t u r e  was m a in t a in e d  . f o r - 1 h r # , - c a r b o n  
d i o x i d e  b e in g  s t e a d i l y  e v o lv e d  w i t h o u t  d i s t i l l a t i o n  o c c u r r i n g ,  
and ■ a ' d a r k , o i l y  l a y e r  r o s e  t o  t h e  s u r f a c e  o f  t h e  l i q u i d *
A f t e r '  b e in g  c o o le d , . th e  c o n t e n t s ' o f  t h e  f l a s k  w e r e .d i l u t e d  
w i t h  an . ' e q u a l : volum e o f  w a t e r ,  ' and s team ed  1 s t l l l e d *  ' A - l i g h t  
o i l  (1 8 * ’/b g f ) w as s e p a r a t e d  from  t h e  aq u eo u s  p a r t  o f  t h e  . 
d i s t i l l a t e  {3 I * } * : ; ,
* When c o o l ,  t h e  a c i d i c  l i q u i d  w as d e c a n te d  fro m  t h e  - 
r e s i n o u s  m a t e r i a l  r e m a in in g  i n  t h e  f l a s k  and d i s c a r d e d #  ■ :• 
f h e - r e s i n  was d i s s o l v e d  i n  m e th y le n e  c h l o r i d e  {100 m l* ) and 
s e p a r a t e d  i n t o  n e u t r a l  {38*5 g*} and a c i d i c  -..{3*50 • g*# - m a in ly  
2 * 4 - 6 i m e th y l p h e n y la c e t I c  ■ a c i d } com ponen ts  -by e x t r a c t i o n  w i t h  
-aqueou s; s o d iu m .c a r b o n a te  {A te n d e n c y  f o r  e m u ls io n s  t o  t o r n  
m a d e - th e  e x t r a c t i o n  d i f f i c u l t ) * v
; • The aq u eo us  . .p o r t io n " o f  t h e  :s t e a m  d i s t i l l a t e  w as
-3 7 -
e x t r & e te d  w i t h  m e th y le n e  c h l o r i d e ,  ...and a c i d i c  m a t e r i a l  
removed f ro m  t h e  e x t r a c t  b y  s h a k in g  w i th '- a q u e o u s  sodium  
' c a r b o n a te #  . A c i d i f i c a t i o n  o f  t h e  a l k a l i n e  l i q u i d  gave  
2 i4 -d 3 in e th 3 r lp h e n 3 r ia e e t le  .aoi<3 ; ( 0 « 3 1gV) m*p*: 101°* -
A n e u t r a l ;  l i q u i d  ' {4*:0 ; g* 5 w as ;r e c o v e r e d  f ro m  t h e
■ m e th y le n e  • c h l o r i d e  e x t r a c t ,  by  d i s t i l l a t i o n * ' . F r a c t i o n a l  . 
d i s t i l l a t i o n  o f . t h e  r e s i d u e 'g a v e  t h e  l a c t o n e  o f  2 - h y d ro x y
■ 2 14 -d im e  t  h y lc y e  l o h e x y l a e e t i c  acid. | I * 2  g*)#  a  c o l o u r l e s s  
l i q u i d  b . p ,  1 0 2 - 1 0 3 ° / 0 .7  mm,, n | 5l« 4 6 9 3 ,  d®® 1 ,0 2 8 8 .
(Pounds C , 7 1 .5 ;  B, 9 . 5 3 ^ |  ‘ e q u l v , ,  1 6 9 . 2 .  ^ 10% 60g
r s q u l p e s s '  C. 7 1 ,4 5 ;  9 , 5 5 ^ |  e q u i v . , - 1 6 8 , 2 ) , '
■ ■ M a t i l l a t io n '  o f - t h e  o i l  s e p a r a t e d  f r o m :t h e  s te a m
d i s t i l l a t e  g a v e ' tw o  m ain  f r a c t io n s * - *  ■ : -
(1 )  b . p .  1 4 9 .1 6 7 ° ,  n§S 1 ,4 8 1 1  ( 7 .3 5  g . )
( i l )  b . p .  9 2 - 1 1 8 ° / 0 ,5  mm, ( 3 ,6 5  g . )
( i )  Was s e p a r a t e d  b y  f p a c t i o n a l  d i s t i l l a t i o n  i n t o .
18 f r a c t i o n s ,  ' b o i l i n g '  b e tw ee n  144^; and ' 188°* ' ; ( i i )  Was ■
s e p a r a t  ed by  h y d r o l y s  i s  ; (Q*5K e t h a n o l  i c ; p o t  a s  s lum  hyd r o x id  e )
i n t o  t h e . l a c t o n e • ^ x 0 % 6 %  1 0 4 -1 0 5 ^ /0 # ?  mm* 1* 4691 ,
' and a . n o n - s a p o n i f i a b l e  ' f r a c t i o n  b , p # . 9 O - 1 1 6 ° / l* 0  mm#' w h ic h
was r e d i s t i l l e d , •g i v i n g  a n :.u n s a t u r a t e d  h y d ro c a rb o n  f r a c t i o n  
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b . p .  1 2 5 -1 2 8  / 3 . 5  mm,, nD 1 .5 0 3 4 ;  p rob ab ly  a  m ix t u r e  ’ 
(Pound* 0 ,  8 S .1 ;  H, 1 1 , S% ),
■ 2 1i-P im eth y jp h en y l.fe ee tie  ■ a c id  :
The erude acid (3 * 5G g *}. ■ extraete.d from the 
resinous product ■' of . th e ' re ac tio n  was re c ry s ta l l is e d  ’ from . 
eyelohexane and. combined-:{I.#95 g*} w ith 'th e  acid ex trac ted  
from the  steam d i s t i l l a t e  (0*8 ;g#.J*-"-/y B e e ry s ta l l ls a i io n ' 
from;hot w ater (1*0 1*} gave St4-dim ethylphenylaoetic..-acid •
{ 2  , 1 0 . g * )  m*p* 108® u n d e p r e s s e d  by  ■ adm ixture w i t h  an a u t h e n t i c  
specim en*  ■ -■;    ;
' B x a m in a t io n  o f  t h e  • .hydrocarbon  f r a c t i o n s  hyp* 1 1 1 -1 6 6 °  
The l o w e r - b o i l i n g .f r a c t i o n s  - showed - s t r o n g  • ■ " : 
u n s a t u r a t i o n  .{ B rg /C 'O ^ i  and gave  p e r o x i d e . . . r e a c t i o n s - a f t e r  a  
few d a y s  e x p o s u r e  t o  a i r* . '  - h ,
Quant i t  a t  lire  n i t  r a t  1 on - 
v- The h y d ro c a rb o n  f r a c t i o n  {0*29; g*J w as added 
d r o p ^ i a e  w i th ,  s h a k in g  t o  a : c o o le d  m ix t u r e  o f  n i t r i c ' a c i d  - 
(2*0 m l * , ' d  1*48)- and s u l p h u r i c  a c id .  (3*0 ml*)*. A f t e r  b e in g  
h e a t e d  i n  a  s te a m  b a t h  fo r .  10 m in* , w i t h  o c c a s i o n a l  s h a k in g ,  
t h e  m ix tu r e  was p o u red  in to ;  c o ld  w a t e r  (1 00  m l* ) and t h e  
s u s p e n s io n  was a l lo w e d  t o  s e t t l e ' (14 h r*}*  'T h e  p r o d u c t  was 
f i l t e r e d  o f f  a t t h e  pump and w ashed  w i t h  w a t e r  (100  m l* ) ,  
f o l lo w e d  b y  e t h a n o l  (4  ml • )  j ■ i t  was d r i e d  i n  v a cu o  b e f o r e  
d e t e r m i n a t i o n  o f  th e * y i e l d ,  m*p*, and m#p*. when mixed w i t h
-3 9 ’
a  sp e c im en  o f  3 ? 3 $ 6 * t r i n i t r © ^ - d ,am.ena h a v in g  su p *  1 8 8 -189 °*
I n  ■• a  c o n t r o l  e x p e r im e n t  ,aJr-cTmiene : b .  p* 1 6 7 -1 6 9 °  n | 5 1 ,5 0 2 0  
■ g a v e : $0% of t  lie t  he  o r e  t  l o  a l . y  i e  I d  of" t h e  t  r  i n  i t  n o -  o o s  pound ,  
m*p* 183°* , b :,
• The h i g h e s t - b o i l in g  . f r a c t i o n ; (b*p# • 1 6 5 -1 6 6 ° ,  • » 
t i jy  '.• 1* 4 9 6 ? ) ; on n i t  r a t  I o n  ■ g ave  3 15 18 - i  r i n i t  r o  i |r -  c u a e n s ,  • 
h a v in g  1 8 3 -1 8 5 ° ,  : and ■ mixed m*p* 185 -18 7°*  i  Y ie ld  4 9 $ .  
: I; A. f r a c t io n  h a v in g  h*p* 1 5 5 * 5 -1 5 7 ° ,  n~°.; 1*4699,: 
gave a  5% y i e l d  o f  ' t h e  t r in l t r o - c o m p o u n d  mf p * .1 8 5 °  a f t e r ,  
one r c e r y s t - a lX i s & t lo n  from  e t h a n o l ;  * .mixed sup*  -186°*  . •
■•6.-; 'A- f r a c t io n 'h a v in g  b .p *  1 5 3 -1 5 4 ° ,  ■ n | S 1 .4 S 5 0 ,  ,/ 
gave  a  50  y i e l d  o f  t h e  t r i n i t r o - C o m p o u n d -'cup* 1 8 4 - 1 8 5 ° : - 
a f te r  one ro e  r y o t  a l l i a  a t  i o n  f ro m  e t h a n o l ;  ■ m ixed m*p*
1 8 5 -1 3 7 ° .
■ ’ A - .fr a c t io n  h a v in g .b * p .  1 4 9 - 1 5 0 ° ,  1*4583 (0*38  g . )
I)
was d e h y d ro g e n a ta d  .by b o i l i n g  w i t h /  p a l l& d is e d  c h a r c o a l  
{0*039 g  • * 70 I ’d ) f o r  5 h r • „ The p r o d u c t  had  b* p* 1 5 4 -1 7 0 ° ,
■ 1 #4683,. and g a v e : a  280 .• y i e l d  o f  t r i n i t r o ^ - o u m e n e m * p . ;
D
1 8 3 - 1 8 5 ° , , and m ixed m*p* .185-187°*  .
. A f r a c t i o n  h a v in g  :b*p*.' 1 5 1 - 1 5 3 ° ,  n ^  1*4 587 , 'was 
■analysed i*  ■ ’ '
Found* G, 8 7 .0 5 ;  II, 1 2 ,4 5 ^  :
c a l c ,  t o p  09 E1 2 * C, 8 9 ,8 5 ;  • II, 1 0 .0 5 ?
Cg Hl 4 * C, 88 ,45}  H, 1 1 ,5 5 $
' S h e *  c * 87 ,05  H* 1 3 . 0$  •
A ttem p ted  / os on o ly s i .a  o f  t h e  l o w - b o i l i n g  m ix tu r e  - 
■ ; ' o f  hyd r o c a rb o n  a ■ ■
■ *2he hydroe& rbon  m i x t u r e ‘ 11 *0 g «)-■ h a v in g  b *p * ;,! ■ 
1 4 9 - 1 6 7 ' ,  tijj. 1*4811 C o n ta in e d  i n  a  s e p a r a t e  d e c o m p o s i t i o n : v 
o f  p in o n ic  a c i d )  was cl l a  s o lv e d  i n - a c e t i c  a c id  {3*0 ml*} and 
t r e a t e d  w i t h  o z o n i s e d ’oxygen (7 0  O^)# t h e  g a s  b e i n g  p a s s e d  ' 
i n  a t  t h e  r a t e  o f  2 5 -3 0  m l* /m in * |  ■ a b s o r p t i o n  was c o m p le te "  
a f t e r  2*5 h r* '""  ; ■ ' ' ' ;
P a r t ; o f  t h e  s o l u t i o n  (l.#Q- m l# ) w as h e a t e d  t o  1 2 0 ° ,  
and a c e t i c  a c i d  w a s  t h e n  e v a p o r a t e d  o f f  in  v a c u o * The 
r e s i d u e  d i s s o l v e d  i n  m e th a n o l ;a n d  on a d d i t i o n  t o , B r a d y 1a, 
r e a g e n t ,  i t  y i e l d e d  a  v i s c o u s  re d  o i l  w h ic h  d id . n o t  s o l i d i f y  
. P a r t  o f  t h e  s o l u t i o n  {1*0 m l# )  was d i l u t e d  w i t h  
w a te r .  (4  .m l*3 and b o i l e d  u n d e r  r e f l u x  f o r  40  min« / The •; : 
o i l y . p r o d u c t ,  ■ and t h e  a q u e o u s  l i q u i d  b o t h  gave  a  r e d  o i l  
w i t h  2 * 4 - a i n i i r o p h e n y l h y d r a s i n e *  ■ . , .
; A n o th e r  p o r t i o n {1*9 ml*} w as d i l u t e d  and b o i l e d  
u n d e r  r e f l u x  and t h e n  s t e a m - d i s t i l l e d *  B o th  d i s t i l l a t e  and
*<*41*-
n o n v o l a t i l e  r e s i d u e  gave  a  re d  . o i l '  w i t h  2 f4 ~ d in i t r o p h © n y l~  
h y d ra z in e* ;
O x id a t io n  o f  t h e  l a c t o n e  ^ 30% 6 %
f h e  l a c t o n e  ( 0 * 0 9 1 ,g * } ,  h y d r o c h l o r i c  a c i d . (0*17  m l* , 
d 1*18},.. and b ro m ine  (0*061 g * ) ,  w e r e  h e a t e d  t o g e t h e r  I n  a  
s e a l e d  g l a s s  tu b e  a t  1 0 0 °  f o r  1  h r*  : A c id ic  p r o d u c t s  o f  t h e .  
r e a c t i o n  w ere e x t r a c t e d  by .m ean s  o f  a 01 eons  so d iu m  c a r b o n a t e ,  
and su b l im e d  a t X 0 0 o/ I * 0 .tnm* . (9*5 h r . 5* ... A w hit©  c r y s t a l l i n e  
s u b l i m a t e - (0*049  g * ) was o b ta in e d *  A f t e r  tw o r e e r y s t & I l l s -  
a t  i o n s  f ro m  e y c lo h e x a n e ,  and. one from  h o t  w a t e r ,  8i4«-dim©thyl** 
p h e n y la c e t ic  a c id  was o b t a i n e d ,  h a r i n g  m*p* 1 0 3 °  u n d e p re s s e d  
b y  adm ixture, w ith  an a u t h e n t i c  specim en* .
Tvbp a r a t  Io n  o f  fev~Bt.it y l ~ ^ ~ d  Im et hyl~^~.biit y v 0% a c t  one b y  ; 
R e d u c t io n  o f  H om oterpeny l M e th y l 'K e to n e
f H ydrazone  o f  (l?~hom oterpen:yX m e th y l  k e to n e  '
H y d ra z in e  h y d r o c h l o r i d e 1' (10*0 g * ) ,  and so d iu m  
a c e ta t©  (HaOOQ-*GH3,3flgO; " 15*0 g*J ? /e re  d i s s o l v e d  t o g e t h e r  
i n  warn w a t e r  (25  ml*}* H om o terpeny l m e th y l  k e to n e  (24*0 g * ) 
was d i s s o l v e d ' i n  e t h a n o l  <25 m l . )* The tw o s o l u t i o n s  w ere  
m ixed and h e a t e d  u n d e r  r e f l u x  on t h e  s te a m  b a t h  f o r  2 0  m in .
' O n. c o o l i n g , . th e  s o l u t i o n  was d i l u t e d  w i t h  w a t e r  (50  m l*)*  
. / A f t e r -20 h r * . , a t  /room ..'. 'tem perature, :ilie, c r y s t a l s  w e re  f i l t e r e d  . 
o f f ,  w ashed w i t h  w a t e r  (100 m l* } ,  .and d r i e d  i n  v a c u o ■ (H^SO^)# 
T h e /p ro d u c t  ("3*60/g*)-- had nup* .101°* . . . h
■ I n  v iew  o f  t h e  low y i e l d ,  t h e  f i l t r a t e  and w a s h in g s  
w e r e .c o m b in ed , '  and e x t r a c t e d  w i t h  m e t h y l e n e . c h l o r i d e  (3 
p o r t i o n s  o f  25 ml*}* The com bined e x t r a c t s  w ere washed 
tw i c e  w it h  w a te r , and t h e  s o lv e n t ,  was removed :by d i s t i l l a t i o n *  
On c o o l i n g ,  t h e  r e s i d u e  s o l i d i f i e d  t o  a  p a s t y  brown s o l i d  
(14*1 g* )*►/. T h is  -was -washed w i t h  e t h e r  and d r i e d  a s  a b o v e ,  
g i v i n g  - ( i ) ^ h o m o te r p e n y l  m e th y l  k e to n e  ( i Z *5 g , ) m*p* 5 5 -5 7 °*  ' 
D e c o m p o s i t io n  o f  t h e  h y d r a s  one '
P o ta s s iu m  h y d r o x id e  (3*5 g * } was d i s s o l v e d  i n  
d i e t h y l e n e  g l y c o l .  (25  ml*} b y  g e n t l e  w a rn in g  o v e r  a  f r e e ,  
l u m i n o u s , ' c o a l - g a s  f lam e*  The h y d ra sone (3*7 0  g« ) was t h e n  
a d d e d ,  and warming w a s :c o n t i n u e d  u n t i l  a  c l e a r  s o l u t i o n  was 
o b ta in e d *  T h is  was- d i s t i l l e d  i n  a' C l a i s e n  f l a s k  a t  
a tm o s p h e r ic  p r e s s u r e ,  t h e  therm om eter h a v in g  i t s  b u lb  
imm ersed i n  t h e  l i q u i d *  ' D i s t i l l a t i o n  b egan  a t  1 6 5 ° ,  w i t h  
some e f f e r v e s c e n c e ;  t h e  t e m p e r a t u r e  r o s e  r a p i d l y ,  and w a t e r  
d i s t i l l e d *  A f t e r  r e a c h i n g  2 0 5 ,  ' t h e  " f l a s k  w a s  a l lo w e d  t o  
c o o l , ; and a r r a n g e d  ■ f o r  r e f l u x *  The l i q u i d  was t h e n  k e p t  a t  '
2 0 5 -2 1 0 °  u n t i l , . a f t e r  1 *5 h r . ,  - t h e  e v o M t  Io n  o f  n i t r o g e n  "had 
c e a s e d , ' a n d  t h e  o d o u r  o f  ammonia c o u ld  he  d e t e c t e d . a t  t h e - t o p  
o f , t h e  c o n d e n se r*  . On c o o l i n g ,  t h e  c o n t e n t s .o f  t h e  f l a s k  
w e r e - d i l u t e d  w i t h  w a t e r . {100 m l* )  and e x t r a c t e d  w i t h  m e th y le n e  
c h l o r i d e  ( s u c c e s s i v e - p o r t i o n s  o f  2 5 ,  2 0 ,  ■ 15,■ 1 0 ,  1 0 .m l * ) • .
T he-aqu eou s l i q u i d  was t h e n  a c i d i f i e d  w i t h  d i l u t e ,  s u l p h u r i c  
a c i d  end e x t r a c t e d  w ith  m e th y le n e  c h l o r i d e '  a s  b e f o r e *  ’ T h is  
e x t r a c t  was w ashed w ith  w a t e r , . and t h e '  s o l v e n t  removed by  
d i s t i l l a t i o n * ' ■ A v i s c o u s , , d a rk  brown o i l  re m a in e d  (2*63 g * 5 , 
h a v in g  a  s t r o n g '  em pyreu m atic  -odour* ■ ' The o i l  w a s ' d i s t i l l e d  :■ 
a t re d u c e d  p r e s s u r e , . g i v i n g  a y e l lo w  o i l  (2*03  g*), b * p .  - 
1 3 9 -1 4 4 ° /1 4  mm,
P pc a c t i o n ,  of. . .C i)- lfom oterpeny l K e th y l  K e to n e  w i t h o u t  I s o l a t i o n  
c f  t  h e .H ydrasone
P o ta s s iu m  h y d r o x id e  (12*5 g * )  w as d i s s o l v e d  i n  
d i e t h y l e n e  g l y c o l  (9 0  m l*) a s  b e f o r e *  (£  J-H om ot© rpenyl 
m e th y l  k e to n e  (12*5 g* )  was t h e n  d i s s o l v e d  i n  t h i s  s o l u t i o n ,  
and an aqueou s  s o l u t i o n . o f  h y d r a z i n e - h y d r a t e  -(5 m l . ,  d 1*013) 
was .added*  The m ix tu r e  w as b o i l e d  u n d e r  r e f l u x  f o r  60 lain** . 
i n  a  C l a i s e n  f l a s k  (250  m l* )*  ; W a te r  e t c * ,  was t h e n  d i s t i l l e d  
o f f ,  w it h  t h e  b u l b  o f  t h e  th e rm o m e te r  immersed i n  t h e  l i q u i d *
*-44
D is t  l l l a t  io n  b e g an  - when - the--, t  e m p e p a tu re  p each ed  145°* * ■: The 
tem p eratu re  r o s e  . s lo w ly  a s  th e "  d i s t i l l a t i o n  p ro ceed ed ,. '  u n t i l  
e v o l u t i o n  o f  n itr o g e n , b e g a n -a t, 190°* At 2 0 5 ° ,  t h e  
e f f e r v e s c e n c e ' c o n t in u e d  a f t e r -  rem o v a l o f  t h e  ■ f l a m e , '  and t h e  
m ix tu r e  was t h e n  h e a t e d  a t :  t h i s  t e m p e r a t u r e  u n d e r  r e f l u x  
f o r  4 . 5  h r * ■ - ; -
To t h e . l i q u i d ,  a f t e r : c o o l i n g ,  ' -w a te r  (ISO m l , } - was - - 
added * ■. v The w h o le  was e x t r a c t e d ,  w i th ,  m e th y le n e  c h l o r i d e  
( sue  c e s s  iv © : p o r t  I o n s  o f  2 5 ,  2 0 , ; 1 5 ,  10,- 10 m l . }».: .; The . 
com bined ■ e x t r a c t s  w e r e :w ashed  w i t h  w a t e r ,  a n d ,  a f t e r  rem o v a l  
o f  th e .  s o l v e n t  by  d i s t i l l a t i o n ,  a '  h r  own l i q u i d  w ith  p l e a s a n t  
o d o u r  rem a in ed -(0 .5 7
The aq u eo u s  a l k a l i n e  l i q u i d  w as a c i d i f i e d  w i t h  
d i l u t e  s u l p h u r i c  a c i d ,  and e x t r a c t e d  a s  b e f o r e  w i th 'm e th y le n e ,  
c h lo r i d e *  The com bined e x t r a c t s ,  t w i c e  w ashed  w i t h  w a t e r ,  
w ere  d r i e d  o v e r  a n h y d ro u s  p o ta s s iu m  c a r b o n a t e ,  and t h e  s o l v e n t  
was rem oved b y  d i s t i l l a t i o n .  A d a r k  b row n , v i s c o u s  o i l  
(10*63 g . )  rem a in ed  w h ic h  on d i s t i l l a t i o n  g av e  a  p a l e  y e l lo w  
o i l  w i t h  s t r o n g  em p yreum atic  o d o u r  (6*4 7  g * ) ,  h a v in g  b . p .  
1 3 6 ~ 1 4 1 ° /1 3  nun.
D i s t i l l a t i o n  o f  t h e  m a t e r i a l  f rom  t h i s  and t h e  
p r e v i o u s  e x p e r im e n t  g a v e - a  p ro d u c t-  ( 5 ,9 2  g .}  h a v in g  b . p . -
45 -
9 4 - 9 7 ° / l , 0  am, I t  was tw ic e  f r a c t i o n a l l y  d i s t i l l e d  and  
y i e l d e d  $ ~n~ b n t y l ^ fy»d im e th y l  b u t y r o l a c t o n e  {1 *42 g .} ,  -
. b . p * 0 9 * 5 o/ l * £  mm*, 1*4470 , a  ■ c o lo u r l e s s .  o i l  w i t h  f a i n t  
^ o i l y 1* o d o u r  (Foundf - C, 7 0 .3 ;  Hf 10 * 6 $ | e q u iy * * ;168*0*  ;
' . r e q u i r e s j  / 0* 70* 6 | :■ B* viQ.T^j;;; e q u i r . ,  1 7 0 * 2 ) .  : ■
■ ■ Dete r m i n a t i o n  o f  e q u i v a l e n t  ■■
The e q u i v a l e n t  o f  ^ H i ~ T m t y l ~ ^ ~ d i m e t h y l - ^ - b u t y r o l a c t o n e  
. was d e te rm in e d  b y  V -s e m i^ m ie ro  method* v . / ' .P o r t io n s  o f  approx**
., Im & tely- 0*10. g* o f . ;t h e  l a c t o n e  w ere  h y d r o ly s e d  w i t h  0*51 
e t h a n o l  i c  p o ta s s iu m  h y d r o x id e  (30  mitt*; a t  room t e m p e r a t u r e )  
and . th e  e x c e s s - a l k a l i  was t i t r a t e d  w i t h  0*41  h y d r o c h l o r i c  
a c id * .  b; -
P r e p a r a t i o n  o f  g -M e th y l  c y c lo h e x a n o l
Aluminium - t u r n i n g s  (56*7  g # # d r i e d  a t 1 0 0 ° ) ,  d r y  
i s o - p r o p a n o l .  (590  m i* } /  and m e r c u r ic  c h l o r i d e  (1*0  g * ) ,  w e re  
b o ile d  t o g e t h e r  u n d e r  r e f l u x .  When a l l  t h e  alum inium -had _ 
d i s s o l v e d  ■ (12  h r . ) ,  dry* r e d i s t i l l e d  S*m@thyl e y e lo h exanona  >
(BO g . )  was added t o  t h e  g r e y  s u s p e n s io n  and t h e 'm i x t u r e  
was h o i l e d  u n d e r  r e f l u x  f o r ;  30 min« Acetone, was t h e n  
removed b y . d i s t i l l i n g  th e  l iq u id  s lo w ly  t h r o u g h  a  sh o r t  • 
f r a c t i o n a t i n g  column* u n t i l  t h e  t e m p e r a t u r e  r o s e  t o  82°* 
and t h e  d i s t i l l a t e  was f r e e  from  a c e to n e  (1 50  ml* o f  ■ 
d i s t i l l a t e  w e re  c o l l e c t e d ) #
As much o f  t h e  s o l v e n t  a s  p o s s i b l e  was t h e n  . 
d i s t i l l e d  o f f  a t  t h e  w ater-pum p* an o i l  b a t h  w h ic h  was 
g r a d u a l l y  h e a t e d  t o  1 5 0 °  b e in g  employed# The v i s c o u s  
r e s i d u e  was c o o le d  u n d e r  t h e  t a p  and po u red  p ro m p t ly  w i t h  . 
s t i r r i n g  i n t o  a  m ix tu r e  o f  h y d r o c h l o r i c  a c i d  (600  m l# ) and 
i c e  ( t o  make 2 . 0  1* )#  D u r in g  t h e  h y d r o l y s i s ,  t h e  t e m p e r a t u r e  
r em a in e d  be low  0°* .. S t i r r i n g  was c o n t in u e d  u n t i l  a l l  o f  t h e  
i c e  had m e l te d  (3 0  mitt#)} t h e  l i q u i d 'w a s  a l lo w e d  t o  s ta n d *  
t h e  l o w e r  a q u eo u s  l a y e r  was t h e n  s ip h o n e d  off*, and ’e x t r a c t e d  
w i t h  b e n z e n e  (3  p o r t i o n s  o f  100 m l* )#  The e x t r a c t s  w ere  
com bined w i t h  t h e  o i l y  l a y e r  and f i l t e r e d  t o  remove su sp e n d e d
b l a c k  d u s t * / : ,  The benzene s o l u t i o n 'was washed s u c c e s s i v e l y  
w i t h  w a te r*  v e r y : 'd i l u t e  so d iu m  h y d ro x id e  i l% ) $ and w a te r*  
and-dried■■■over:anhydrous;sodium  s u l p h a t e .  . B enzene  was . 
d i s t i l l e d  o f f  a t  a tm o s p h e r ic  p r e s s u r e ,  and t h e  r e s i d u e  
y i e l d e d  o n - d i s t i l l a t i o n  a  m ix tu r e  o f  g l a *  and t  r a n  s - 2 - m e th y l  
e y e lo h e x a n o l  ( 6 4 .3  g .*  30$  o f  t h e o r e t i c a l . ) *  h a v in g  b . p .
7 9 - 7 4 V W  ■
D e h y d r a t io n  o f  2 -M e th y l  ■ e y e l o h e x a n o l ■
‘ The,- e a r b i n o l  (28*5. g . h w a a :  d i s t i l l e d  w i t h / :
p h o s p h o r ic  a c id  . ( f 0 ;m l .*  J h l . 7 4 ) . - . : .  A m ix tu r e  o f  o l e f i n
and w a t e r  was c o l l e c t e d *  a n d ;: d i s t i l l a t i o n .c e a s e d .when ■ the;.,;:.
v a p o u r - t e m p e r a tu r e .  r e a c h e d  1 1 4 ° .  The o l e f i n  l a y e r  was
s e p a r a t e d  from  t h e  d i s t i l l a t e *  ' and r e d i s t i l l e d  .w ith' more ;
p h o s p h o r ic  a c i d . ( 1 0  m l . ) .  A f t e r  s e p a r a t i o n  o f  t h e  : w a t e r .
f r o m . . t h e . . d i s t i l l a t e * / . t h e  o l e f i n  was d r i e d *  f i r s t  o v e r  :
a n h y d ro u s  p o ta s s iu m  c a r b o n a t e , J t h e n  o v e r  m e t a l l i c  sodium*
and t h e n  d i s t i l l e d  from  more sod ium * - The m ain  f r a c t i o n  had
b . p .  .108-108*5°* :r f p  1 .4 4 7 8 $  /.. i t  w a s ; f r a c t i o n a l l y  d i s t i l l e d
f i v e  :t im e s*  and y i e l d e d  a  p u re  s p e c i m e n - ( 3 .0  g * )::o f  'r
1 -m e th y l  e y s lo h e x e n e  h a v in g  b .p #  1 0 9 -1 0 9 .5 ° *  n ^  1 .4484*
25n ^  1 .4 4 5 8 .  S ign iad o 'an d -C ram er ( JY-Amar* Chem. Soo.*  1933
55* 3325) r e c o r d  b .p *  109-110°*  1*4498 f o r  t h i s  compound
.p repared . by  d e h y d r a t i o n  o f  2 - m e th y l  c y c lo h ex a n o l i n  - t h e
p r e s e n c e  o f  .a lum inium  su lp h a te* -
F re p a p a t  i o r  -of 1 : 2 -D im e th y l  e y e 1o h e x a n o l~ ■.; * ■
■Magnesium t u r n i n g s  w ere h e a t e d  a t  100°  f o r  10 min* 
a l lo w e d  t o  c o o l  in  ‘th e  d e s i c c a t o r  a t ! a tm o sp h e r ic -  p r e s s u r e ,  
and t h e n  ru b b e d  f i r m l y  i n  a  c le a n *  dry  m ortar* t o  ex p o se  
f r e s h  m e t a l l i c ' s u r f a c e s #  • The. tu r n in g s  -(28#5 g . ) w ere  
p la c e d  i n  a  t h r e e - n e c k e d  ' f l a s k  ■ (1  1 * )  and  c o v e re d  : w ith  
s o d iu m -d r ie d  e t h e r  (SOO'ml*)#. : : The s t i r r e r  ( m e r c u r y - s e a l e d )  
was s t a r t e d #  and m e th y l  b ro m id e  g a s  p a s s e d  i n t o  t h e  m ix tu r e  
( f ro m  a n  am pou le)  t h r o u g h  on i n l e t  t u b e  r e a c h in g  t o  t h e  
b o t to m  o f ' th e  f l a s k #  On w arm ing  t h e  b o t to m  o f  t h e  f l a s k  
w i t h  t h e  palm  o f  t h e  hand* a  v i g o r o u s  r e a c t i o n  was i n i t i a t e d  
and t h e r e a f t e r  t h e  f l a s k  was c o o le d  i n  a  b a t h  o f  w a t e r  k e p t  
a t  1 0 -2 0 °  by  t h e  a d d i t i o n  o f  io e*
. A f t e r  4 h r* #  a d d i t i o n ,  o f  h a l i d e  (H O  g # ) was 
c o m p le te ,  and o n ly  a  few m in u te  f r a g m e n ts  o f  m agnesium  
rem a in ed  u n d i s s o lv e d #  The g r e y  s o l u t i o n  was s t i r r e d  f o r  
30 m i n * ' a t ' 15°# t h e n  f o r .  30 min# a t  3 5 - 4 9 °  u n d e r  r e f l u x ,  and 
a l lo w e d  t o - c o o l * .■.-..The i n l e t  t u b e  was r e p l a c e d  by  a  d r o p p in g
f irm ® !'  t h r o u g h  w h ic h  w as • a a a e d ,  t o  • t h e  ■ s t i r r e d  re a g e n t* -  = • 
s o l u t i o n ,  d ro p w ise  d u r in g  80 m ln » , a  , s o lu t io n - ’ gt> d r y ,  v 
r e d i s t i l l e d  2 - m e t h y l .e y e l o h exa&cme (99 g ») i n  ^ c t f iu r a - d r ie d  
e t h e r  (100 m l* ) ,  -v-  ■ / /
: - f h e  Magnesium' com plex  was decom posed .by . a d d in g  : 
s l o w l y - a  s a t u r a t e d  s o l u t i o n  o f  ..ammonium c h lo r id e  • (140  m l* , 
p r e p a r e d  a t  8 5 ° )#  Oas was evolved, .and t h e  c o n te n ts  o f  
t h e ' f l a s k  s e p a ra te d ,  f i n a l l y  i n t o  a g r a n u l a r ; w h i t e  s o l i d ,  
and a  c l e a r  s u p e r n a t a n t  l i q u i d *  T h e  e t h e r e a l  s o l u t i o n  
was d e c a n te d ,  and t h e  s o l i d  .rem aining was - f i r s t  washed 
w i t h  e t h e r  (3  p o r t i o n s  o f  900 m l* ) ,  and t h e n  shaken w i t h  
s a t u r a t e d  ammouium c h l o r i d e  s o l u t 1on {1550 m l») u n t i l  a l l  
m agnesium  compounds had d is s o lv e d j  t h e  s o l u t i o n / w a s  e x t r a c t e d  
w i th ;  e t h e r  (2 p o r t io n s -  o f  100 m l* } * / '  ./The c o m b in e d . e t h e r e a l  
s o lu t io n s , w ere w ashed  w i t h  ammonium c h lo r id e , s o lu t io n  . (1 0 0  
m l*) . fa llo w e d  by w a te r  (5  p o r t i o n s  o f  100 m l* ) ,  d r i e d  (K^CO^), 
and t h e  s o l v e n t  rem oved . b y  d 1 s t  i l l  a t  Io n  # D i s t i l l a t i o n  of ' 
t h e  p r o d u c t ,  g av e  a  m ix tu r e  o f  e l s * - and tr a n sm it  2 -d im e th y l
D e h y d ra t io n  o f  I s g - M m e t h y l  c y e lo h e x a n o i .
The  c a r b i n o l  ( 3 2 .0  g , ) -  was d i s t i l l e d  s lo w ly  .w i th
b.*p* 6 7 - 7 0 ° / l 6  mm.* (92 *9 g * }
Io d in e  (Of2 g * K  . D ehyd ration  was r a p i d  and a lm o s t . com plete#
D i s t i l l a t i o n  began  a t  90°# a  m ix tu r e  o f  o l e f i n  and  w ater  
b e in g  c o l l e c t e d #  ■.-■.■■After 1 .5  h r .  d i s t i l l a t i o n - c e a s e d  (vapour  
tem p era tu re  1 30°)#  o l e f i n  a lo n e  d i s t i l l i n g #  W ater was 
s e p a r a t e d  from  th e  d i s t i l l a t e #  and th e  h y d ro c a rb o n  was d r i e d  
o v e r  a n h y d ro u s  p o ta s s iu m  c a r b o n a t e .  A f t e r  r e d 1 s t I l l a t i o n  . 
w i t h  I o d i n e  ( 0 f.2 g ,  )# and one w a s h in g  w i t h  p otassiu m  
c a r b o n a t e  s o l u t i o n #  t h e  o l e f i n  was d r i e d  (KgCOg# t h e n  Ha) 
and d i s t i l l e d  t h r e e  t im e s#  y i e l d i n g  a  p u re  sp ec im en  o f  . 
l i2 -d im e th y X  c y o lo h ex en e  ( 2 .8 7  5 . )  b ,p »  1 3 6 ,5 -1 3 7 ° ,  n | 5 l* 4 5 7 4
Hammond and N e v i t t  {j* Jknar, Ohem, S oc ,*  1954# 76 4121)
25 : ‘r e c o r d  b * p ,  1 3 6 ,2 W, n ^  1 .4 5 8 7  f o r  t h i s  compound, p r e p a re d
by d e h y d ra tio n  o f  l iS ^ d im e th y l e y e lo h eacanol- i n  t h e  p r e s e n c e '
o f  i o d i n e ,
C y c lo h e x en e  ..
The h y d ro c a rb o n  was f i r s t  d r i e d  o v e r  a n h y d ro u s  
p o ta ssiu m  c a rb o n a te #  - and . th e n  d i s t i l l e d  tw ic e  f rom  m e t a l l i c  
so d iu m , T h is  gave  m a t e r i a l  h a v in g  b , p , .  8 1 ,5 - 8 2 ° # .  n |p  1 ,4 4 4 0
The C o m p a ra t iv e  H a te s  o f  H y d ro g e n a t io n  o f  C y c lo h e x e r e * ;
1 -H a th y l  O yelohexene#  ls2^B 2.m ethyl ■ C y c lo h s x e n e ,  and t h e  •. - 
H y d ro carbon  M ix tu re  .B e l ie v e d  to. .'.Consist o f  j k  ~0txmera and 
1 i,2. t4 -*T rim e thy l Cye.loheacene» : :
jmt/.niiiiWiDiiiim
- M ethod ’ o f  Hydro g e n a t i o n *  ’ '
 . . . . . . . . . . . . .   I K D I ^ I I H I I .H I I  m> #.,1
F l a t  i n t o  o x id e  c a t a l y s t  (15  mg* i l .  mg,# nAdams,?t} 
was w e i g h e d ' i n  a s m a l l  g l a s s  c a p su le #  w h i c h 'w as p la c e d  i n  a  
h y d r o g e n a t io n  f l a s k  w i t h  m e th a n o l  {10 ml*# r e d i s t i l l e d ) #
A f t e r  f l u s h i n g  o f  t h e  f l a s k  w i t h  hy d rogen#  t h e  g a s  r e s e r v o i r  
was a d j u s t e d  t o  f a l l  c a p a c i t y  a t  a tm o s p h e r ic  p r e s s u r e  and 
room t e m p e r a t u r e # • t h e  s h a k e r  w as s t a r t e d #  and t h e  c a t a l y s t  
r e d u c e d  a t  a  p r e s s u r e  e q u i v a l e n t  t o  a  head  o f  a b o u t  2 f e e t  
o f  w a t e r * '
The h y d ro c a rb o n  (0*004  m o l* )  was w e ighed  i n t o  an 
I g n i t i o n  tu b e *  M ethano l {10 m l#) was added  t o  t h e  c o n t e n t s  
o f  t h e  h y d r o g e n a t io n  f l a s k *  and th e  i g n i t i o n  tub© w a s .p l a c e d  
i n  an u p r i g h t  p o s i t i o n  i n s i d e  t h e  f l a s k #  w h ich  was t h e n  
f l u s h e d  w i t h  hydrogen*  The a p p a r a t u s  was a d j u s t e d  a s  b e fo r e #  
t h e  i g n i t i o n  tub© was u p s e t#  and t h e  h y d ro c a rb o n  was 
h y d r o g e n a te d  a t  a  p r e s s u r e ' s l i g h t ly  g r e a t e r  t h a n  a tm o s p h e r ic *  
A tm o sp h e r ic  p r e s s u r e  and am bien t t e m p e r a t u r e  w ere  n o ted #  and
-52 -
t h e : volume ■ o f  hydrogen; absorbed was p e r i o d i c a l l y  o b se rv e d  
a f t e r  b r in g in g  t h e  p r e s s u r e  to - 'a tm o s p h e r ic #  'E a c h  volum e 
r e a d i n g  w a s ’c o r r e c t e d  / f o r  v a p o u r  p r e s s u r e ' o f  w a t e r , : and 
reduced :t©: T # ’F » '■ fh© p ercen ta g e  o f  t h e ' t h e o r e t i c a l
maximum o f  h y d r o g e n a t io n  w as c a l c u l a t e d  f o r  e a c h  r e a d in g *
53'
R e s u l t s  • o f  - B y d ro yena t io n  
C y c lo h e x en e
1-i t  ■ tnr-iitw iiii»n»ii>wii utnmt
C a t a l y s t . 1 4 .3  mg*
H y d ro carbo n 0*3394 g .
' Ambient tem p era tu re  ■ 8 3 °
A tm o sp h e r ic  p r e s s u r e ■ ■ m  ums* -  ^^
Time ■ Volume a b so rb e d P e r c e n ta g e
15 min* 84 ml* 83$  .
25 " 90' 11 . 89 ■
35 " ■ 93- n r . ’ ■ 91
1 -M e th y l c y c lo h e x e n e  
C a t a l y s t  - 15*0 m g * ; ■
H y d ro carb o n  ■ v./: 0 .4 1 6 6  g*
Am bient t e m p e r a t u r e 2 3 °
A tm o sp h e r ic  p r e s s u r e 773 mm.
: - Time ’■ Volume a b s o rb e d  ■ P e r c e n ta g e
:■ 20  min* ■ 23 o il. ; 26.55S
■30 " ■ 33 ' * ■; ■.31-
60 " -41-  V , / . 39
90 ” 46 ;1t ; 4 3 .5
120 " 52 tf 49
-5 4
1 * 2 - c y e lo h e x e n e
f  lme
20  min* 
45 "
120 B
C a t a l y s t  ;
H ydrocarb on
Ambie n t  t  empe n a t u r e  ;
.A tm o sp h e r ic  p r e s s u r e
Volume a b s o rb e d  
2*5 ml*
'4 * 0  n 
' 5 . 0  *■' '
15*3 mg* :■
0 .4 6 0 3  g*
21 ° '  ;
772
P e r c e n ta g e  o f  h y d r o g e n a t io n  
2*5$
4*0
5 . 0
1 251 :2  t4 - T r i m e t h y l  cyclohexene/-vlr-O um ene m ix tu r e 11;
v, .f lm e ; \ 
20  min* 
105 ■*■
180 11
C a t a l y s t  
H y drocarb on  
Am bient t e m p e r a t u r e  
A tm o sp h e r ic  p r e s s u r e
Volume a b so rb e d
/. 6 m l* ■: .
, 8
n  H
15*2
0*9889 g* 
o
772 mm*
Pe r c e n t  age  o f  hyd r o g e n a t  i o n
9
55-
Pec a rb oxy l a t io rh  o f  ' H n o n le / held* (5- n - B u t y l - ^ - d  imet hyl-'Y - 
b tttY rolaoton e*  . • and t h e  L a c to n e  o f  2 -  Hydr  oxy- 2 14-d im e t h y l -  
c T c lohex y l a e e t l e ■ Acid*  ■■■'*
The 1s u b s t a n c e : t o - b e  d e e a r b o x y l a te d  {200-250  mg#) 
was w e ig h e d '- a c c u r a t e ly  i n t o  a  ■ s m a l l  ro u n d -b o t to m e d  f l a s k  
{5 ml*}* and p h o s p h o r ic  a c id  f l * 0  ml** d 1*74) was .added 
from  a  p i p e t t e *  15 min* b e in g  a l lo w e d  f o r  d r a i n i n g #  ■■- The 
f l a s k  w as t h e n  a t t a c h e d  t o  a  s h o r t  r e f l u x  con d en ser  f i t t e d  
w i t h  a  g a s  b u r e t t e  w h ic h  was f i l l e d  w i t h  a  c o l o u r l e s s  
m in e r a l  o i l  o f  low' v i s c o s i t y  {*t r a n s f o r m e r  o i l 1*)* The 
r e f l u x  c o n d e n s e r  w a s ’e m p tied  and t h e  a p p a r a t u s  was a l lo w e d  
t o  r e a c h . ro o m ,  t e m p e r a t u r e j  ■ t h e  j o i n t  a t  t h e  t o p  o f  t h e  
c o n d e n s e r ,w a s  t h e n  lo o se n e d *  and t h e  o i l  l e v e l . ; . i n  t h e  g a s  
'b u r e tte .'w a s;a d ju s te d  t o  s .e ro « : A tm o sp h e r ic  p r e s s u r e  and
room t e m p e r a t u r e  w ere  n o te d #  '
. The r e a c t ! o n - f l a s k  was t h e n  im m ersed i n  an o i l  
b a t h  t h e r m o s t a t i c a l l y  m a in ta in e d  a t  160°* f o r  t h e  s p e c i f i e d  
t im e*  w h i l e  w a t e r  was p a s se d  t h r o u g h  t h e  c o n d e n se r*  A f t e r  
removing', t h e  f l a s k  from  t h e - o i l  b a t h  and a l l o w in g  w a t e r  t o  
d r a i n  f ro m  t h e  c o n d en se r*  and t h e  a p p a r a t u s  t o  re tu r n  t o  
room tem perature* t h e  volum e o f  a i r  d i s p l a c e d  was d e te r m in e d  
and t h e  p e r c e n ta g e  o f  d e c a r b o x y l a t i o n  was c a l c u l a t e d .
of C ovnpanrat iv€  Rol^€.S 
c a v b o x y  I a t  i o n
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The.; R e s ls ta t i .e e  o f  2 t4 -B lm e th y lp l i ,eB?fXaeetle A cid  t o  ■
Da e a rb o x y l  a t  1 on • ■, . . ;
. Vv; 2*4*-D lm 0thyIphenyX aoetie ':  a c id  (l*0G  g * ) and 
p h o sp h o ric* : a c i d  ■■-(10.‘.ml*, £ 1 * 7 4 )  w e re ,  ha  a t  ©<3 . t o g e t h e r  . 't inder 
r e f l u x  i n  ,a f l a s k  ■•'which was im m ersed i n  . m : o i l  - h a t h  a t .■ 
160-170®. f o r  1 ..tip# v . ,  On c o o l i n g ,  '. the  c o n t e n t s  'Of ,th©  • f l a s k  ■ 
w ere , d i s s o l v e d  , in  d i l u t e  .aqueousvaodlum - c a r b o n a t e  {500 ml#)*, 
f h e  . a l k a l i n e  s o l u t i o n  was e x t r a c t e d  w i t h  m ethylene-: c h l o r i d e  
( s u c c e s s i v e  p o r t i o n s '  o f  2 5 ,  20,- 1 5 , - 1 0 ,  10 m l*;)# > : A f t e r . ; 
w a sh in g .■o f  t h e :e x t r a c t : w i t h  .w a t e r ,  ■a n d ■d i s t i l l a t i o n  o f  t h e .
s o l v e n t ,  t h e r e  remained, .no r e s id u e *
-• '
- The a l k a l i n e  s o l u t  io n  was ■■acidified w i t h  d i l u t e  ■ ■
s u l p h u r i c - ■ a c i d , -  and e x t r a c t e d  w i t h  m e t h y l e n e - c h l o r i d e  
( s u c c e s s i v e  p o r t i o n s  o f  6 0 ,  4 0 ,  3 0 ,  20 ,.. 1 0 ; ml* )* ; . : : ,The ■ 
com bined e x t r a c t s : w e re  .washed w i t h  w a t e r ,  and on d i s t i l l a t i o n  
o f  t h e  s o l v e n t  t h e r e  rem a in e d  2 g ;4 - d im e th y lp l ie n y la c e t ic  a c i d  
(0*95 g * } ,  m*p* 1 0 4 -10 $°*   ^v: - ' :
The D e c a r b o x y la t io n  o f  t h e  l a c t o n e  o f  2 - h y d r o x y - 2 t4 * d im e th y l  
c j c l o h e x y l a c e t l c  A cid
The l a c t o n e  1*4688 (3*25 g * ) was d i s s o l v e d  in  
p h o s p h o r ic  a c i d  (13 m l* ,  <| 1 * 7 4 ) ,  and t h e  p a le  brown s o l u t i o n
was. ...heated u n d e r  r e f l u x ; i n  . an ., o i l  b a t h  .which w as1 ; ■ 
t  he  m o s t  a t  i c  a l l y  .k e p t  ■ a t  a  temp© r a t  ur© o f  160°*  Slow 
e f f e r v e s c e n c e 'o c c u r r e d ,  w i t h  f o r m a t i o n  o f  a ' c o l o u r l e s s  
o i l  which; f l o a t e d  -on1 t h e  s u r f a c e  o f '  t h e  m ix tu re *  : 1 A f t e r  ■ 
3 h r ; |  t h e  r e  a c t  io n  ■ m ix iu r e  was ■ :e o o le  d , d i  l u t  ed w i t h '  Wat e r  
( l 5  m l* ) , '  and" t h e - o i l  t a k e n  u p  w i t h ' e t h e r '{10 m l* ) ,  washed 
s e v e r a l  t im e s  w i th '  w a t e r ,  d r i e d -  flTa^SO^}, and t h e  e t h e r .  , . 
d i s t i l l e d * '■  ■ '- /■ O n , 'd is t i l la tio n  'o f - t h e - - r e s i d u e ,  .a ' c o l o u r l e s s  
o i l  b * p * : 1 3 5 -1 5 0 °  ■ (0*80  g*} was c o l l e c t e d  * " -' A h i g h - b o i l i n g  
.hrovm.’o i l  r e m a in e d ; (1*18' g* ) * / / /
: ’■ The d i s t i l l a t e  was ; r e d i s t i l l e d ,  and t h e  m ain  
f r a c t i o n  b*p* 1 4 2 -1 5 0 °  was d r i e d  . o v e r  m e t a l l i c  s o d i u m ! -• 
f u r t h e r  d i s t i l l a t i o n  y i e l d e d  a ' - c o l o u r l e s s  .h y d ro c a rb o n  (0*28 
b#p*.  1 4 4 * 1 4 5 ° 'n | S: 1*4430 (Founds. - Of 86*751 H, ‘ 13*35*
C9 % 6  F e q u i r e s t '  C, 87*0! H, 13*0$)*
./On d i s t i l l a t i o n ,  t h e  h i g h - b o i l i n g .  r e s i d u e  y i e l d e d  
a s - t h e  m a i n ' f r a c t i o n ,  a  ■yellow o i l  b*p* 12Q~2QO°/0*6 mm* ■ 
1*4876 , w h ic h  was p a r t l y  s o l u b l e  i n  d i l u t e  sod ium  
h y d r o x id e *
<W f c '
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The M echanism of the Rearrangement of P inonic A cid  into 
Homoterpenyl M ethyl Ketone.
By C. L. Arcus and G. J. Bennett.
[Reprint Order No. 6247.]
The rearrangement of pinonic acid (I) to homoterpenyl methyl ketone 
(VII) requires relatively strong acid-catalysis; The rearrangement of (± )-  
and of ( +  )-ifr«R5-pihonic acid, in monochloroacetic acid at 100°, is of the 
first-order with regard to pinonic acid. A partial conversion into cis-pinonie 
acid occurs in the acidic solution, but this isomer also rearranges to homo­
terpenyl methyl ketone. v
An intramolecular mechanism, represented in (IX), is proposed for the 
rearrangement.
P inonic acid (I), on being heated with 50% sulphuric acid, is converted in high yield into 
homoterpenyl-methyl ketone (VII) (Baeyer, Ber., 1896, 29, 326); the (-(-)- and the (—)- 
form of this compound have been obtained from (+ )- and (—)-pinonic acid (Barbier and 
Grignard, Bull. Soc. chim. France, 1910, 7, 548). The structure of homoterpenyl methyl 
ketone has been ascertained by degradation (Tiemann and Sernmler, Ber., 1895, 28, 1778) 
and by synthesis (J. Owen and Simonsen,/ . ,  1932, 1424).
The data relating to the degradation and synthesis of pinonic acids (Baeyer, Ber., 1896, 
29, 3, 1909; Perkin and Simonsehy J., 1909; 95, 1176; Gallas and Montanes, Anal. Fis. 
Quim., 1930, 28, 1196; Grandperrin, Ann. Ckim., 1936, 6, 5; Guha, Ganapathi, and Subra-
cm-COoHCHvCOoH
CHvCO.H ch ,-co2h  
c  + H+ 
\
HO=C
O—CO
Me2C
C=CH
MeX
Me-COCH
CHo*CO(,H
(VII)
manian, Ber., 1937, 70, 1505; Rao, J . Indian Chem. Soc., 1943, 20, 97) yield no decisive 
evidence on geometrical 'configurations, mainly owing to the use (largely unavoidable) of 
reagents which catalyse enolisation, leading to geometrical isomerisation. The assignment 
of geometrical configurations to (+ )- and (d:)-pinonic acids made by Simonsen and L. N. 
Owen (“ The Terpenes,” University Press, Cambridge, 1949, Vol. II, p. 147)—th a t the 
solid acids are trans and the liquid acids cis—has been adopted. The opposite configur­
ations have been used by Delepine and Badoche (Compt. rend., 1952, 235, 1455), but no
essential alteration to the mechanisms which have been deduced (below) becomes necessary 
if these authors’ configurations are adopted.
The essential step in the conversion of (I) into (VII) is the rearrangement of an aceto- 
cyc/obutylacetic acid to a keto-y-lactone. Reaction schemes postulating the intermediate
tertiary alcohol (VIII) have been proposed (Simonsen and 
(pvte^ -OH Owen, op. cit., p. 117; Delepine and Badoche, loc. cit.), but no 
COMe c 2 CHa CH Ha a experimental evidence for its occurrence has been adduced.
In experiments preliminary to rate-measurements, the 
percentage conversion of pinonic acid into homoterpenyl methyl ketone, in acid solvents 
at 100° for stated times, has been determined; the results are collected in Table 1. 
In  a number of instances the keto-lactone was converted into its 2 : 4-dinitrophenyl- 
hydrazone, of which the yield (based on the pinonic acid) is given in the last column.
I t is apparent from Table 1 th a t the strongly acidic media, phosphoric, trichloroacetic, 
and 99% formic acids, cause rapid rearrangement, th a t acetic acid is ineffective, and that 
monochloroacetic and 90% formic acids occupy an intermediate position.
The rearrangement proceeds smoothly, and no by-products have been encountered; 
prolonged heating in phosphoric acid effects a breakdown of homoterpenyl methyl ketone 
which is to be described later.
Table 1. The conversion of (ff)-pinonic acid into (± )_homoterpenyl methyl ketone.
Yield (%) of homoterpenyl 
methyl ketone :
from 2 : 4-di-
Expt. Time nitrophenyl-
no.* Acid Quantity (hr.) direct hydrazone
1 Acetic ............................................... ...........  1 ‘ 0  g. 4-5 Nil —
2 Formic (90%) ................................ 4-0 g. 4-5 55 51
3 Formic (99%) ................................ 2 73 — - ^a Monochloroacetic ............................ ............ 4-0 g. 3-5 17 15
5 ........... ............. 9 58 — ■ ■
6 30 95 —
7 Trichloroacetic .......... ..................... .................... 4-0 g. 4-5 1 0 0 94
8 Phosphoric (d 1-72) ......................... 5 min. 95 92
9 4 Formic (90%).................................... 4-5 1 1
containing H*C02Na ..................... ............ 0-53 g.
1 0  c Monochloroacetic ............................ ...........  to 1 0  ml. 9 5 4
containing CHjCl'CC^Na ............. 1-80 g.
* TOO G. of (T)-pinonic acid in each expt.
o,6, c o-74, 0-85, 0-85 G. of pinonic acid recovered, respectively.
An acid containiilg 0-1 molecular proportion of its sodium salt was used as solvent in 
two experiments (9, 10; cf. 2, 5); in each instance the yield of homoterpenyl methyl ketone 
was markedly depressed, and 85% of the pinonic acid was recovered. This effect is 
ascribed to the lowering of hydrogen-ion concentration by the buffering action of the salts.
Kinetic Measurements.—Monochloroacetic acid was selected for use in a kinetic study 
of the conversion of (± )- and of (+)'-pinonic acid into (±)~ and (+)■-homoterpenyl methyl 
ketone. The rate of rearrangement at 100° was determined by isolation of the keto-lactone 
after the recorded intervals (see Figure). The plot of log10 [pinonic acid]-1 versus time is 
linear, and yields a first-order rate constant k =  9-9 x  10-2 hr.-1.
When solutions of (+ ) -pinonic acid in monochloroacetic acid at 100° were studied 
polarimetrically, a considerable change in rotatory power was observed before conversion 
into homoterpenyl methyl ketone had proceeded very far. This m utarotation was found 
to be due to a partial conversion of (-\-)-trans- into (— )-as-pinonic acid; the oxime of the 
latter was prepared from the pinonic acid recovered from “ m utarotated ” solutions. In 
addition, the oxime of (TiJ-as-pinonic acid was prepared from pinonic acid recovered from 
the rate-experiments with (d:)-tfnms-pinonic acid.
The specific rotations (c, 5 in CHC13) of the specimens of optically active pinonic acid 
recovered from the kinetic experiments were determined. The corresponding value is 
known for (V )-trans-pinonic acid: [a]5893 -f-92-4° (present observation; Delepine and 
Badoche, Ann. Chim., 1950, 5, 153, record [a]5893 +  95°), and for (—)-cfs-pinonic acid : 
[a]5893 — 81*5° (idem, loc. cit.), whence were calculated the proportions of these isomers
in th^-above specimens of pinonic acid. The concentrations of total, trans~, and as-pinonic 
acid are plotted versus tim e in the Figure.
The Mechanism of Rearrangement, and of trans-cis-Isomerisation.—The mechanism of 
the conversion of trans- into as-pinonic acid is probably identical with th a t for the acid- 
catalysed racemisation of ketones CH RR',CO,R " (Bartlett and Stauffer, J . Amer. Chem. Soc.,
in the appropriate geometrical isomerisation.
During the first 1-9 hours a's-pinonic acid accumulates in the system more rapidly than 
does homoterpenyl methyl ketone, and, from tangents drawn at the origin to curves 
3 and 1, the rate constant for trans-ac id — ► as-acid is approximately twice th a t for 
trans-acid — ►- keto-lactone.
The mechanism of the rearrangement of pinonic acid to homoterpenyl methyl ketone 
is, most probably, th a t shown in formulae (I—VII). (The geometrical configurations 
given to the ethylenic groups of the enols have no significance.) The act of conversion 
of the cycZobutane into the lactone ring is the rearrangement of the protonated trans­
it is inferred from this result th a t the rate constants kx and k.2, relating to (II) and (IV) 
respectively, do not differ appreciably.
Three apparently possible mechanisms, briefly described below, have been considered 
and rejected.
1933, 55, 4992; 1935, 57, 2580; Ingold and Wilson, / . ,  1934, 773). When this mechanism 
is applied to trans- and cfs-pinonic acid (I—V), the inversion of configuration a t C(1) results
to
R earrangem ent and  isom erisa tion  o f  trans- 
p in o n ic  acid  in  monochloroacetic acid  at 1 0 0 °.
(1) Homoterpenyl methyl ketone, O
(2) Total pinonic acid,
(3) cis-Pinonic acid,
(4) trans-Pinonic acid,
□
V
A
“ Open ” points were determined with '(+)- 
trans-pinonic acid, and “ solid ” points with 
(THmns-pinonic acid.
0 /  2  3 4  5  6 7 3 9
Time, (hr.)
or as-pinonic acid (II or IV). Models of these mole­
cules show the carboxyl group to be well placed to 
enter into a replacement reaction at C(2). The steric 
relations, together with the tautomeric electron move­
ments whereby rearrangement occurs, are represented 
in (IX).
I t  has been found, above, th a t the rate of formation 
of homoterpenyl methyl ketone is proportional to the 
total concentration of {trans- +  cfs-)pinonic acid, and
The rate of formation of homoterpenyl methyl ketone is, as has been stated, propor­
tional to the concentration of (trans- -f m -) pinonic acid : were the imws-acid (or its proton 
adduct) the sole precursor, then the curve for the formation of the keto-lactone (curve 1) 
would show an initial rapid fall in slope, and were the cfs-acid (or its proton-adduct) the 
sole precursor, this curve would have a sigmoid form.
A tenable mechanism is that postulating the enol (III) as the sole presursor to the 
keto-lactone: .
This is considered less probable than the mechanism adopted above, because it involves
Rotations are for I, 2-0 unless otherwise stated.
The proportions of a- and (3-pinene in specimens of ( —)- and ( +  )-pinene from American and 
Portuguese turpentines were estimated by determination of the rotatory dispersions [a]?®61/
[a]e893 and [<x]?4 6 1 /[a]|780, and comparison of these values with the Tables given by Fuguitt, 
Stallcup, and Hawkins (J . A m e r .  C hem . S o c ., 1942, 64, 2978).. A mixture containing 97-5% 
of a- and 2-5% of (3-pinene was then made which had b. p. 156—158°, [oc] | 8 93 — 0-54°; this 
material (748 g.) was oxidised by Delepine’s method (B u ll .  S oc . c h im . F ra n c e , .1936, .3, 1369) 
except that chloroform wras replaced by methylene chloride as extractant; it yielded ( f f ) - t r a n s -  
pinonic acid (336 g., from benzene), m. p. 103— 104°, which on recrystallisation from pot water 
had m. p. 105° [semicarbazone, prisms (from ethanol), m. p. 217° (decomp.); Ruzicka and 
Pontalti (H e lv . C h im . A c ta , 1924, 7, 494) record m. p. 208°].
Ammonium ( ± ) - t r a n s - pinonate, on reaction with S-benzylthiuronium chloride, yielded 
S-b e n z y l th iu r o n in m  (i)-tran s -p in o n a te , flakes (from ethanol), m. p. 152° (decomp.) (Found: 
S, 9-0. C1 8 H 2 6 0 3 N2S requires S, 9T5%).
The following method was used for the preparation of all pinonic acid oximes : (M )- tra n s -  
Pinonic acid (TOO g.) was dissolved in a solution of potassium hydrogen carbonate (0-55 g.) in 
water (2-0 m l.); a solution of hydroxylamine hydrochloride (0-42 g.) in water (1-0 ml.) was 
added and the whole was shaken. The oxime separated and solidified; it was crushed, filtered 
off, washed with water, and dried i n  va cuo  (H2S 0 4). It (0-85 g.), on recrystallisation from 
ethanol, yielded prisms (0-55 g.), ni. p. 152° (decomp.) (Baeyer, B e r ., 1896, 29, 24, records 
m. p. 150°).
(-f-)-a-Pinene (68-0 g.), b. p. 154-5— 156°, [a] ^ 93 +47-0°, on similar oxidation gave (- \- )- tra n s -  
pinonic acid (17-3 g .; isolated, by fractional crystallisation-from ether), m. p. 68—69°, 
1AJ5893 +92-4° (c 5-443 in CHC13). Its oxime, needles from ethanol-water ( 1  : 4), had m. p. 
135-5°, [a]§g93 +  51-7° (c, 5-102in CHC13) (Found : C, 60-2; H, 8-7; N, 7-3. Calc, for C1 0H 1 7 O3N : 
C, 60-3; H, 8 -6 ; N, 7-05%). Delepine (loc. cit.) records m. p. 128°.
(T ) -H o m o te rp e n y l M e th y l  K e to n e .—The following preparation is based on the brief descrip­
tion given by Baeyer {loc. c it.) . ( f f ) - t r a n s - Pinonic acid (6-0 g.) was heated with aqueous sul­
phuric acid (50% ; 60 g.) at 10.0° for 30 min., and the solution was poured into water (150 ml.). 
The product was salted out with ammonium sulphate and extracted with chloroform; the 
extract was washed and dried (Na2 S 04), and the solvent distilled. The crystalline product 
(5-4 g.) yielded, on recrystallisation from the minimum of boiling ether, (=j=)-hotnoterpenyl 
methyl ketone (3-4 g.), prisms, m. p. 60-5°. Its semicarbazone, hexagonal plates from methanol, 
had m. p. 206—207°; J. Owen and Simonsen (J . ,  1932, 1424) record m. p. 206—207°. Its 
2 : ^ -d in itr o p h e n y lh y d r a z o n e , orange needles from ethanol, had m. p. 163-5° (Found : C, 53-1;
at 100° in the solvent, and for the time, stated in the Table; water (100 ml.) was then added 
and the whole was made slightly alkaline (to methyl red) with ammonia and extracted with 
methylene chloride (25, 20, 15, 10, 10 ml. portions successively); the extract was washed with
t^ :o=c-oH
HQ H+ CMe2 CHo
(VI) +  H+
Me'/  \  X  X
the taking up of a proton at a point (C(X)) from which a proton has earlier been released to 
form the enol.
E x p e r im e n t a l
H, 5-6; N, 14-9. C1 6 H 2 0C>6N 4 requires C, 52-7; H, 5-55; N, 15-4%).
R e a rra n g e m e n t i n  the a c id ic  so lven ts  o f  T a b le  1. (ff)-trans-~ P m .om .c  acid (TOO g.) was heated
water (2 x 25 ml.) and distilled (water forms an azeotrope with methylene chloride). The 
homoterpenyl methyl ketone was dried at 100° (30 min.) or i n  vacuo  at ordinary temperature.
Unconverted pinonic acid was recovered from the extracted aqueous solution by acidifi­
cation with hydrochloric acid and extraction as above.
(These procedures for the isolation of the keto-lactone and pinonic acid were used in the 
rate-measurements, below.)
The preparation of the 2 : 4-dinitrophenylhydrazone of (T)-homoterpenyl ^methyl ketone 
was standardised as follows : to a solution of the keto-lactone (TOO g .; reagents proportional 
to the actual weight were taken) in warm propan-2-ol (15 uni.), .2 : .Udinitrophenylhydrazine 
(1 - 1  g.) was added ; the solution was boiled, and addition of a few drops of concentrated hydro­
chloric acid then precipitated the derivative; further propan-2 -ol (d5 ml.) was added, and the 
suspension was cooled and filtered. The 2 : 4-dinitrophenylhydrazone was washed with ;pro- 
pan-2-ol (30 ml.), dried at 120°, and weighed. Its m. p. and mixed m. p. were determined. 
In a control experiment (T)-homoterpenyl methyl ketone (0-50 g.) gave 0-95 g. (95%) of the 
derivative.
R a te  o f  re a rra n g e m en t. Monochloroacetic acid was fused, and 0-05 mol. of concentrated 
aqueous sodium hydroxide was cautiously added; distillation then gave a main fraction having 
b. p. 101—102°/25 mm. The liquid was allowed to solidify to the extent of about 90% and the 
remaining liquid was drained off and discarded;  ^ the solid was re-melted and the process 
repeated; the acid so purified had equiv. 94-31 (Gale, for CH2C1*C02H : equiv., 94-50).
{ff)-trans-~P m .om .c  acid (1-00 g.) was weighed into a 10-ml. graduated flask and dissolved 
in monochloroacetic acid at 80°; the solution was made up to the mark, the flask was sealed 
with a Polythene ca,p, and thereafter immersed in a steam-bath for the time(s) recorded in the 
Figure; homoterpenyl methyl ketone was then isolated as described above. The quantities of 
keto-lactone formed by rearrangement of (dr)- and (-)-)-pinonic acid, together with those 
calculated from the first experimental point (t =  -J- hr.) by use of the first-order rate-constant 
k  =  9-9 X 10~ 2 h r a r e  as follows :
* (hr.') .........
Pinonic acid
Homoterpenyl methyl ketone {
t (hr.)  ..........
Pinonic acid
£ 1 1 2 2 3
d~ d“ dr + dr d~
0-07 0-13 0-12 0-20 0-24 0-29
same 0-11 0-11 0-20 0-20 0-27
3 4 5 7 9
dr rb dr d- dr
0-27 0-34 0-36 0-53 0-58
0-27 0-34 0-40 0-51 0-60
Specimens of pinonic acid recovered from the rate-experiments were combined and washed 
with ethanol, whereby they were separated into (dr)-fi/aw.s-pinonic acid, m. p. and mixed m. p. 
102°, and a liquid mixture of this acid and the (dr)-cfs-isomer. This mixture was converted 
into the mixed oximes, from which, by fractional crystallisation from ethanol, there were isolated 
(dr)-C'is-pinonic acid oxime, m. p. 171° [Deldpine {loc. c it.) records m. p. 168°], and also the more 
soluble tr a n s -oxime, as prisms, m. p. 151° alone and when mixed with the specimen above.
(d- ) -H o m o te rp e n y l M e th y l  K etone.-— -M u ta ro ta tio n  o f  so lu tio n s  o f  p in o n ic  a c id  i n  m o n o ch lo ro ­
acetic  a c id . A solution of (-f)-^ws-pinonic acid [(i), (ii) 1-000 g .; (iii), (iv) 1-750 g.] in mono­
chloroacetic acid (to 1 0  ml. at 80°) was placed in a 1 -dm. jacketed polarimeter tube with 
sealed end-plates, maintained at 100° by steam passing freely through the jacket. The rotatory 
power of the solution was determined at intervals (Table 2 ); the first reading was made within 
5 min. of the preparation of the solution.
The liquid mixture of (-f ) - tra n s -  and ( — )-ds-pinonic acids (6-3 g.) recovered from these
Table 2.
Time (min.) : 0 5 10 20 30 40 60 80 100
(i) « 100a 5893 5-46° 5-18° 4-92° 4-50° 4-10° 3-87° 3-46° 3-18° 3-02°
(ii) « 100a 5893 5-53 5-24 4-99 4-54 4-18 3-90 3-44 3-21 3-04
(iii) w100a 5893 9-34 8-85 8-39 7-69 6-88 6-65 5-92 5-41 5-10
( i v ) w 100“ 5893 9-55 9-07 8-67 7-90 7-33 6-82 6-05 5-52 5-18
Time (min.) : 120 140 150 180 195 210 230 240
(i) -.100a 5893 2-94° 2-89° 2-89° ' — 2-89° 2-91°
(ii) „100a 5893 2-92 2-87 2-87 — 2-87 2-88
(iii) .,100“ 5893 4-87 4-77 4-73 4-67° :— — 4-67° 4-67°
(iv) „100a 5893 4-93 4-78 4-71 4-65 ■ — 4-63 4-69 4-69
polarimetric experiments was heated with thrice its volume of phosphoric acid (d  1-72) for 
10 min. at 100°. The product (5-95 g.), isolated as described for the (dr)-keto-lactone, was 
recrystallised from ether and yielded (-j-)-homoterpenyl methyl ketone (3-5 g.), m. p. 46-5°, 
[*]m98 4-58-6° (c 5-271 in CHC13), [a]Jg°3 4-45-5° (c, 5-612 in CH2C1-C02H) and [a]Jgg, +45-8° 
(c, 10-000 in CH2C1*C02H ; the rotation was unchanged after 4 hr. at 100°); it gave a 2: 4- 
d in itro p h e n y lh y d ra zo n e , orange needles (from ethanol), m. p. 168-5° (Found : C, 53-0; H, 5-7; 
N, 15-5%). Both Barbier and Grignard (loc . c it.) and Del6pine and Badoche (C o m p t. ven d ., 1952, 
235, 1069) record m. p. 47° for (-(-)-homoterpenyl methyl ketone.
R a te  o f  re a rra n g e m e n t. . Five determinations (cf. Figure) of the conversion of (-)- ) - tr a n s -  
pinonic acid into (-f)-homoterpenyl methyl ketone, with recovery of unconverted pinonic acid, 
were carried out by the method described for the (dr)-keto-lactone. The specific rotation 
(c, 5 in CHC13) of the recovered pinonic acid was determined :
Reaction-time (hr.)     0-5 1 2 3 7
[a]Us ................... ••••••....... .............  4-66-7° 4-57-4° 4-47-0° - 4-43-4° 4-39-7°
t ......................................................   22° 22° 21° 20° 22°
The specimens of (-f)-keto-lactone isolated during these rate-experiments were combined 
(1-60 g.), dissolved in hot water (20 ml.), treated with charcoal to remove methyl red, extracted 
with methylene chloride, and twice recrystallised from ether-light petroleum (b. p. 40—60°); 
the (d-)-homoterpenyl methyl ketone formed prisms (0-57 g.), m. p. 46—47°, [a]9393 -f-59-6° 
{c, 5-013 in CHC13).
The specimens of semisolid pinonic acid recovered from the above rate-experiments were 
pressed on filter paper; the-solid was removed and the paper extracted with methylene chloride. 
The extract yielded a liquid acid (2-16 g.) which was converted into its oxime (1-72 g .); after 
extraction with boiling ether there remained a product (0-69 g.), m. p. 195°, which by repeated 
recrystallisation from hot ethanol yielded ( — )-cfs-pinonic acid oxime, prisms, m. p. 199-5—200°, 
MSmw -34-3° {I, 4; c, 0-437 in ether) (Found: C, 60-5; H, 8-7; N, 7-2%). For this oxime 
Delepine {loc. cit.) records m. p. 192° and [a]5893 -29-5° (in ether).
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